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IntRopucTion.—Notwithstanding the great area of Alaska, the rug- 
gedness and inaccessibility of a large part of the glaciated region, 
and the briefness of the period of exploration, we are already in 
possession of a large body of fact with regard to the glaciers and 


Nore.—Shortly after the manuscript of this address was com- 
pleted Professor Tarr suddenly died, and the proof of the text and 
illustrations has been read by Professor Lawrence Martin. 

An appreciation of the work of Professor Tarr in geography and 
for the Association will be incorporated i in Volume III of the Annats. 

Eprror. 

* Presidential Address delivered before the Association of American Geographers, 

December 29, 1911, and printed in Science, N. S., vol. XXV, 1912, pp. 241-258. 
3 


. 
| 
| 
3 
a 
i 
Be 
| 
{ 
q 


4 R. S. TARR—GLACIERS AND GLACIATION OF ALASKA 


glaciation of our northern territory.* The researches of Wright,' 
Russell’, Reid®, Gilbert*, Davidson’, Dail® and others have given us 
much valuable information concerning the coastal region; and the 
many expeditions by Hayes’, Brooks, and various other members 
of the United States Geological Survey*® have added materially to this 
knowledge, and have extended the area of observation to the interior. 
Thus, even though there is yet much to learn, the knowledge that we 
now possess is sufficient to warrant a discussion of the general phe- 
nomena of Alaskan glaciation; and since this is the object that has 
been most in my mind during the past six years, it has naturally 
appealed to me as the most fitting topic for the presidential address 
which I am called upon to give. 


Tue Existing Guacrers.—Condition of the Existing Glaciers.— 
Alaskan glaciation is, and has been, of the mountain type. That is 
to say, mountain snow fields have shed into mountain valleys, and 
through these the glacier ice has flowed to lower levels; in some cases 
even to the sea. Numerous glaciers, and in former times a still greater 
number, have flowed beyond their valleys and spread out fan-shaped 
at the mountain base, giving rise to the type of piedmont glacier which 


* The personal field work upon which this address is in part based was done 
in 1905 and 1906 under the auspices of the U. S. Geological Survey; and in 
1909 and 1911 under the auspices of the Research Committee of the National 
Geographic Society. To both of these bodies acknowledgments are due for the 
generous financial support given. The last two expeditions have been under the 
joint leadership of Professor Lawrence Martin and myself; and I wish especially 
to acknowledge my indebtedness to my colleague in two seasons of work, who 
was also an assistant on the first expedition. We have worked and observed 
together and have freely discussed all problems which have arisen. The results 
of our joint work are used in this address, as are also the results of other stucaents 
of Alaskan glaciation. 

1Wright, G. F., The Ice in North America, New York 1891, chapter III, 
pp- 36-66. 

? Russell, I. C., An Expedition to Mount St. Elias, Alaska. Nat. Geog. Mag., 
vol. 3, 1891, pp. 53-203; Second Expedition to Mount St. Elias, Thirteenth Ann. 
Rept. U. S. Geol. Survey, pt. 2, 1892, pp. 1-91. 

* Reid, H. F., Studies of Muir Glacier, Alaska, Nat. Geog. Mag., vol. 4, 1892, 
pp. 19-84; Glacier Bay and its Glaciers, Sixteenth Ann. Rept. U. 8. Geol. Survey, 
pt. 1, 1894-95, pp. 415-461. 

‘Gilbert, G. K., Glaciers and Glaciation, Harriman Alaska Expedition, vol. III, 
New York, 1904. ‘ 

* Davidson, G., The Glaciers of Alaska, Trans. and Proc. Geog. Soc. of the 
Pacific, vol. III, series II, June, 1904, 98 pp. 

*Dall, W. H., U. S. Coast Pilot, Pacific Coast, Pt. I, Alaska, Washington, 1883; 
Alaska and its Resources, Boston, 1887. 

7 Hayes, C. Willard, An Expedition through the Yukon District, Nat. Geog. Mag., 
vol. 4, 1892, pp. 117-159. 

*Mainly published in Annual Reports, Bulletins and Professional Papers of 
the U. 8S. Geological Survey. 
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DISTRIBUTION OF EXISTING GLACIERS 


Russell has made known to us through his studies of the Malaspina 
Glacier. 

The main region of existing glaciers occupies a roughly semi- 
circular area sweeping from the southern boundary of Alaska, north- 
ward, westward and southwestward, toward the Aleutian islands. 
From either end of this zone both the number and the size of the 
glaciers increase, and the elevation of their termini decreases, attain- 
ing maximum development near the center of the semicircle that 
surrounds the head of the Gulf of Alaska. Altogether there are at 
least forty-seven tidal glaciers in this zone, the southeastern-most 
being the Le Conte Glacier, just north of Wrangell, and the western- 
most the McCarty Glacier on Kenai peninsula. Toward the ends of the 
glacier zone there are few and scattered instances of tidal glaciers; 
but in the central part of the zone they are numerous, and, where 
topographic conditions favor, are close together. Thus in Glacier 
Bay there are at least twelve tidal glaciers; in Yakutat Bay three; 
and in Prince William Sound twenty. (See Plate I). 

How many glaciers there are in this coastal area cannot be even 
approximately estimated; but, counting large and small, tributaries 
and main ice streams, they are certainly to be numbered by the 
thousand. These vary in size from tiny ice masses in cirques, to 
valley glaciers two or three miles in breadth, end thirty or forty 
miles in length; and up to the great Malaspina Glacier whose area 
is estimated to be 1,500 square miles. From the Kenai peninsula 
to Cross Sound a very large proportion of the seaward face of the 
mountains is covered with snow and ice, and glaciers exist in a 
majority of the valleys, filling most of the larger ones. From Con- 
troller Bay to Cross Sound a succession of piedmont glaciers and 
expanded bulbs of individual glaciers spread out between the moun- 
tain base and the sea. A journey along this coast is, therefore, a 
constant glacial panorama. 

Distribution of Existing Glaciers—The mountains which fringe 
the Alaskan coast as a continuous barrier, as far west as Cook Inlet, 
attain their greatest elevation in the St. Elias-Fairweather Range 
where peaks rise 12,000 to 15,000 feet, 18,000 feet in Mount St. 
Elias, and 19,540 feet in Mount Logan. Here, naturally, the glaciers 
are largest, for from this central area the general elevation, as well 
as the heights of the peaks, diminishes toward both the southeast and 
the west. 

Back from the coast, and roughly parallel to the curving mountain 
barrier around the head of the Gulf of Alaska, is another lofty range, 
sweeping northward from the Aleutian peninsula, then eastward and 
southeastward. In its highest part, called the Alaska Range, are 
numerous lofty mountain peaks, including Mount McKinley (20,300 
feet), the highest mountain in North America. Between this 


. 


? 


| 
| 
— 
| 
j 
y 
' 


i 


6 R. 8S. TARR—GLACIERS AND GLACIATION OF ALASKA 


interior range and the coastal mountains is a broad depression occu- 
pied by Cook Inlet in the south and the Copper River Basin in the 
east; but in the extreme east the area between the two mountain 
ranges is mainly occupied by the great volcanic group known as 
the Wrangell Mountains, whose peaks attain elevations of from 14,000 
to 16,000 feet. 

Naturally these lofty mountains of the interior are also the seat 
of numerous and large glaciers. But neither here, nor on the inner 
face of the coastal mountains, is there so full a development of ice 
and snow as along the coast. The snow line is higher, the glacier 
ends are all necessarily well above sea level, and the piedmont type 
of glacier is absent. The glaciers are essentially confined to the 
mountain valleys, though some extend to the mouths of the valleys, 
and a few spread slightly beyond them. It must not be inferred 
that the glaciers of the interior are insignificant either in size or in 
number; merely that they suffer in comparison with their larger 
neighbors nearer the sea. Were they the only glaciers of Alaska they 
would themselves attract wide attention because of their number and 
size. Besides being dwarfed by comparison with the coastal glaciers, 
these in the interior have the disadvantage of remoteness and rela- 
tive inaccessibility. They are, therefore, far less well known than 
the glaciers of the coast. 

The difference between the glaciers on the two sides of the coastal 
mountains may be typically illustrated by the Valdez-Klutena system, 
two glaciers which descend in opposite directions from a common 
divide in the Chugach mountains, at an «levation of 4,800 feet. The 
Valdez Glacier, descending on the seawaid side of the mountains, is 
nineteen miles long and ends at an elevation of two hundred and 
ten feet, while the Klutena Glacier descending toward the interior 
is only six miles long and ends at an elevation of 2,000 feet. A 
similar difference is observed in the Nizina and Chisana glaciers, 
which descend from a common divide at an elevation of 8,000 feet 
in the Wrangell Mountains, the former descending on the side facing 
the sea and therefore being much longer than the Chisana Glacier 
which flows toward the interior. The total length of the two ice 
streams is about forty-seven miles. 

Beyond the Alaska Range, although there are numerous mountain 
and plateau areas of considerable elevation, lying far to the north, 
there is a general absence of existing glaciers, the only exceptions 
known being within the Arctic Circle, in the Endicott Mountains 
(5,000-8,000 feet). Here, in the summer of 1911, Philip S. Smith 
and A. G. Maddren® observed a number of small valley glaciers. 

Explanation of the Distribution of the Glaciers.—The distribution 
of glaciers in Alaska is not difficult to explain. That they are so 
~* Personal communications to the author. 
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extensively developed along the seaward face of the coastal ranges 
is plainly due to the fact that the prevailing winds are from the 
ocean and that in blowing over the warm waters of the Gulf of 
Alaska, a large amount of vapor is moved forward and precipitated 
in the form of snow upon the lofty mountain barrier. It is where 
the coastal barrier is most complete and highest that the snowfall 
is heaviest and the development of glaciers greatest. The amount 
of precipitation varies greatly, records of from 100 to 190 inches 
having been obtained at stations along this coast; but there is no 
knowledge as to the precipitation among the lofty mountains, except 
that it is very heavy and mainly in the form of snow. 

In a region where from ten to forty feet of snow falls each year 
at sea level, there must be exceedingly heavy snowfall at elevations 
where the precipitation is all in the form of snow. As an indication 
of the vast snowfall among the mountains, reference may be made to 
Schrader’s observation of from eight to twelve feet of snowfall on 
Valdez Glacier during a week late in April and early in May, 1898. 
By such heavy precipitation the snowline is depressed to levels of 
2,500 to 3,500 feet on the seaward face of the mountains, and to 
even lower levels back in the mountains where the local climate is 
cooled by the chill of the surrounding areas of snow and ice. 

Since the damp winds precipitate so much vapor in crossing the 
mountain barrier, there is a deficiency of precipitation on the inner 
slopes of the mountains and on the ranges beyond. Moreover, such 
winds as sweep into interior Alaska from either the Arctic Ocean 
or Bering Sea bear but a limited vapor burden, since the water of 
these seas is cold in summer and more or less completely ice-covered 
in winter. Records at Eagle give a rainfall of only 11.35 inches; 
but the precipitation is doubtless higher toward the west and in the 
lofty mountains. 

The winters of the interior are prevailingly clear and cold with 
moderate snowfall,—for example only two or three feet of snow fall 
in the Copper River Basin; but in summer the temperature is so high 
that the snow quickly melts, even well up on the mountain slopes. 
Thus, even in the neighborhood of the Arctic Circle a plateau from 
3,000 to 6,000 feet in elevation, is completely free from snow in 
summer as is also a large portion of the Endicott Mountains; and, 
whereas the snowline on the seaward face of the St. Elias range is 
about 3,000 feet, it is more than twice as high as that in the interior 
three or four hundred miles further north. The exact elevation of the 
snowline in the interior cannot be stated, and indeed it must vary 
greatly from place to place. In general, however, it is above 6,000 feet.*® 

*Oscar Rohn (Twenty-first Annual Report U. S. Geological Survey, Pt. II, 
1899-1900, p. 413) states that on September Ist the snow line was 7,500 feet in 
one part of the Wrangell Mountains, and was then descending. 
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This rise in the snow line toward the north is interesting as show- 
ing how important the element of precipitation is. The snow line 
is lower and the glaciers are larger where the mean annual tempera- 
ture is high and the precipitation is heavy than in the much colder 
climate further north where, however, precipitation is light and the 
short summers are warm. A similar variation is noticed in the coastal 
mountains where the snow line is considerably higher along the inner 
fiords than on the outer coast where the precipitation is heavier. It 
is to be noted, however, that in the latter place not only is there a 
greater depth of snow to be melted, but in the neighboring lofty 
mountains there are broad expanses of snow and ice which serve to 
retard summer melting. 

In the distribution of its glaciers Alaska presents a striking con- 
trast to that part of Europe in the same latitude. There are no 
glaciers in southern Scandinavia, in the latitude where, in Alaska, 
the glaciers are largest; and while in Norway there is an increase 
in glaciation northward, in Alaska there is a decrease. In Norway 
the influence of latitude is permitted to exert its normal effect; but 
in Alaska the influence of latitude is effectually counterbalanced by 
variation in topography and in the vapor content of the air. This 
contrast may have some significance in the explanation of the devel- 
opment of extensive ice sheets in northwestern Europe and north- 
eastern America, while northern Asia and northwestern North Amer- 
ica, in the same latitude, were free from continental glaciation. 

Ice Flooded Valleys and Through Glacier Systems.—Only by indi- 
vidual description of a large series of instances would it be possible 
adequately to portray the varied characteristics of the Alaskan 
glaciers. As in the Alps, Caucasus, and Himalayas, the valley glacier 
is the normal type, but with many variations in form, size and rate 
of motion. From the lofty peaks a series of radiating glaciers usually 
spread outward; but throughout much of the mountain area there is 
a complex of ramifying glacier systems. Nowhere is there a develop- 
ment of the ice cap condition such as is found in Norway, Spitz- 
bergen and Iceland, for the mountains are so lofty and rugged that 
the valley slopes serve to drain away the surplus snow that falls upon 
the steep mountain sides. 

Still the snowfall is so heavy, especially near the coast, that, in the 
process of drainage, the valley systems are deeply filled with ice, in 
spite of the ruggedness and high elevation. In the area of greatest 
glacier development, in the St. Elias region, the extent of snow and 
ice is so great as to have led Russell to speak of it as “a vast snow- 
covered region, limitless in expanse, through which hundreds and 
perhaps thousands of barren, angular mountain peaks projected,” and 
to compare it to the “ borders of the great Greenland ice sheet.” How 
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deeply these vast glacier systems fill the valleys we have no means 
of telling; nor can we even estimate the aggregate length or area 
of the maze of ice streams that flood the mountain valleys. In a 
region where dozens of glaciers are known to have lengths of from 
twenty-five to forty miles, it cannot be doubted that the aggregate 
length of the ice streams is thousands of miles, and that the total area 
of snow and ice amounts to tens of thousands of square miles. 

Although the vast bulk of ice that is slowly draining away the snow 
that falls among the Alaskan mountains maintains the valley glacier 
condition rather than developing an ice cap, it gives rise to an inter- 
mediate condition, as Russell’s description intimates. That is, al- 
though the mountain summits are not flooded, the valleys are. 

For example, one may start from Yakutat Bay and traveling up 
one of the large glaciers, rise above the snowline by a moderate grade 
and finally reach a flat, snow-covered divide, beyond which, also with 
moderate grade, a descent leads down a glacier flowing in the opposite 
direction. Or, to the right or the left, also over flat, snow-covered 
divides, an easy route is open down other gleciers. In this way one 
may travel for scores of miles, going from one valley to another and 
from one glacier to another, but crossing only broad, flat snow divides. 
So deeply is the region submerged by ice that both the valley bottom 
topography and the valley head divides are so smoothed out as to 
give rise to a continuous, connected glacier system with drainage 
in different directions from flattish divides; but both the divides 
and the glacier distributaries from them are walled in by steeply 
rising mountains, each portion of the system having the characteristics 
of the valley glacier. For such a complex I have proposed the name— 
through glacier system. 

The through glacier condition is rendered possible by the presence 
of low divides, and it is believed that, in general, these have originated 
during an earlier period of more intense glaciation when the snow 
and ice accumulated to much greater depths than now and flowed 
across the divides, lowering them by glacial erosion. 

In its main essential characteristics, even the through glacier system 
belongs in the class of valley glaciers; and the valley glacier phe- 
nomena in Alaska are in the main the same as those with which we 
are already thoroughly familiar from the studies of glaciers in the 
Alps, Himalayas and other mountain regions. As compared with 
those of the Alps, the larger valley glaciers of Alaska are far greater, 
and this naturally introduces corresponding differences in form and 
behavior; but these are differences in detail rather than in under- 
lying principles, and may therefore be dismissed. 

At their ends some of the Alaskan glaciers present features not 
found in the Alps, notably the termination in tidal cliffs from which 
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icebergs are discharged, and expansion on the land to form piedmont 
bulbs and piedmont glaciers. At a period of former expansion of 
glaciers, the piedmont condition was present in the Alps also; and 
the present Alaskan glaciers are more comparable with those expanded 
Alpine glaciers than with their shrunken descendants of to-day. 

Development of the Cascading Glacier.—As in other mountain 
regions, the present day Alaskan glaciers, though very large, are mere 
remnants of a former far greater system, occupying the lower levels 
of valleys which were profoundly deepened by erosion when the 
former greater ice masses occupied them. Accordingly, the surface of 
the present day glaciers, in the main valleys, is very often well below 
the level of the surface of the tributaries, which therefore descend 
with steep slope at their lower ends. There is every gradation, from 
the accordant junction of tributary and main glaciers, to the ice step, 
or “bench,” where the two join; to the cascading descent of the 
tributary as it joins the main ice stream; and to the former tribu- 
tary, now cut off from junction with the main glacier, but cascading 
toward it in its lower portion, where it passes out of its hanging valley 
and descends the steepened valley slopes in a series of broken steps 
like a great frozen waterfall. This condition is so well developed in 
Alaska, and is so widespread and so characteristic both in form and 
cause, that the descriptive name cascading glacier has been proposed 
for it. 

Development of the Ablation Moraine.—Glacial erosion, which has 
produced extraordinary topographic change in the Alaskan moun- 
tains, has among other things given rise to very steep valley walls. 
Such steep slopes, produced by ice erosion during the higher stage 
of the glaciers, are now, on exposure to the air, in a state of insta- 
bility under the attacks of the agents of subaerial denudation. 
Therefore, they weather rapidly, and from them rock falls and 
avalanches frequently descend. This rock, mixed in the snow out 
of which the glacier is made, and spread out over its surface, is con- 
centrated by ablation in the dissipator until the ice surface may 
become completely covered by a sheet of moraine, to which the name 
ablation moraine has been given. It is naturally upon the lower 
ends of the glaciers that the ablation moraine is most extensively 
developed, but in some instances, it extends far up the valleys, almost 
or quite to the snowline. Then the valley glacier looks so little like 
an ice stream that it may not be recognized as one by the casual 
observer; and on some of the Alaskan maps such glaciers have found 
no place. 

Since only a portion of the Alaskan glaciers bear ablation moraine 
it is evident that special conditions are demanded for its develop- 
ment. It is best developed on those ice tongues with steep walls and 
steep heads, whose width is not too great for avalanches to spread 
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out well toward the middle, and whose valley walls are of a friable 
rock. In proportion as these conditions vary, the extent of the 
moraine sheet also varies. Normal weathering and the spread of the 
falling rock through the snow fields and over the ice tongues are 
undoubtedly sufficient to account for the formation of a sheet of 
ablation moraine; but the excessive development of such moraine in 
some portions of the Alaskan region, may perhaps be due in part to 
the aid which earthquake shaking gives in the downthrow of avalanches 
from the glacier valley walls. When a glacier bearing a sheet of 
ablation moraine has melted away, it leaves not only a deposit of 
till with scratched stones, but overlying this a sheet of coarse, angular 
fragments and weathered materials. Such deposits are to be expected 
in mountain regions of former glaciation. 

Influences Modifying Rate of Recession of Glaciers.—The ablation 
moraine is one of the factors influencing the position and rate of 
recession of glacier fronts: another factor is the position of the front, 
—whether on the land or in the sea; for in the latter case recession 
is far more rapid and active than in glaciers ending on the land. For 
example, in the St. Elias region, while the Guyot, Seward, Marvine, 
Lucia, Yakutat and other glaciers that end on the land have spread 
out from one to twenty miles beyond the mountain front, the great, 
rapidly-moving, tidal Hubbard Glacier, near by, ends at the head of 
Disenchantment Bay, ten miles or more back among the mountains. 
Both tidal and non-tidal glaciers are exposed to surface wastage by 
melting and evaporation; but the tidal glaciers are further exposed 
to the effective attack of the salt water which quickly removes the 
ice fragments that fall into it. Therefore, other things being equal, 
the tidal glacier will naturally terminate farther back among the 
mountains than non-tidal glaciers of similar character. 

Glaciers advancing into rivers are also actively attacked, as is 
illustrated by the Childs and Miles glaciers in the Copper River 
Valley, and by glaciers in the Alsek Valley. To a lesser degree the 
same tendency to more rapid retreat is present in glaciers that term- 
inate in lakes, as the Yakutat Glacier does. 

Among ice tongues ending on the land there is great difference 
in the rate of wastage according to exposure and elevation; but even 
more important is the protective influence of the cover of ablation 
moraine. This finds best illustration in those glaciers which spread 
out fan-shaped at the mountain base, attaining a state of stagnation 
or semi-stagnation along their margins. Here, near sea level, in a 
rainy, temperate climate, wastage by ablation would normally be 
active, and if the ice supply failed the glaciers would rapidly recede. 
But the sheet of ablation moraine that develops serves as a blanket 
against both melting and evaporation, and the rate of wastage so 
decreases with increase in thickness of the morainic cover that there 
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finally comes a condition of almost complete protection. When the 
moraine cover is no longer subject to frequent undermining and slump- 
ing, vegetation finds a foothold, and ultimately even a mature forest 
may spread over the moraine that blankets the ice. Glacier recession 
under such conditions almost ceases and an ice terminus may remain 
for scores of years without notable change, even though ice supply 
is completely cut off. 

In view of the fact that a protected ice terminus may remain so 
long in one position, it follows that the piedmont condition is not 
necessarily proof either of recent expansion or of a continuance of 
ice supply after expansion. Indeed, there is reason to believe that 
the piedmont glaciers, and the piedmont bulbs of individual glaciers 
in Alaska have been formed by expansion at entirely different periods. 
In some the supply is still being maintained and the ice terminus 
is kept in place by the essential balance between supply and wastage. 
This seems clearly to be the case in the greater part of the Malaspina 
Glacier; but elsewhere there is evidence that the expansion occurred 
during an earlier period of advance, and that the ice supply has 
long since been withheld. This is true of the piedmont bulbs of Galiano 
and Lucia glaciers, to the ends of which the effects of even the recent 
notable advance did not extend. In still other cases, the ends of the 
bulbs have become almost or even completely separated from the 
main glacier by wastage of clear ice areas back of the terminus. 
The piedmont bulb develops during a period of advance; it may linger, 
in more or less mutilated condition, through a period of stagnation, 
receiving redevelopment when next an advance of sufficient volume 
occurs. In other words, it does not necessarily represent an existing 
state of activity and supply; for, because of the protection of a blanket 
of ablation moraine, it may long retain its position even in the face 
of warmth, abundant rainfall and failure of ice supply. 

Marginal and Terminal Deposits.—Since on the seaward side of the 
coastal mountains, the ends of so many large glaciers lie in a temperate, 
rainy climate, the phenomena of terminal and marginal deposits are 
illustrated with great clearness, throwing much light on the origin 
of similar phenomena in the deposits of former continental glaciers. 
Particularly is this true of the piedmont areas, not only because of 
the wide extent of their margins, but also because they are existing 
examples of a type of glacier that was formerly common in the moun- 
tain regions of both Europe and America. It cannot be made a part 
of this address to consider this subject in detail, interesting and 
important though it is.* Suffice it to say, that in Alaska one may 
see in process of development both lateral and terminal moraines in 
great variety of form and composition, from stratified gravel or sand, 


“See, Tarr, R. S., Some Phenomena of the Glacier Margins in the Yakutat Bay 
Region, Alaska, Zeitschr. fiir Gletscherkunde, vol. 3, 1908, pp. 81-110. 
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or clay, to true till; eskers and kames; outwash gravel plains and 
kettles of various forms and sizes; lacustrine deposits of many 
kinds and marginal lakes of various origins; marginal channels due 
to erosion and the work of marginal streams in deposit; indeed almost 
the whole series of phenomena which were present along the receding 
margin of the Pleistocene glaciers. There are phenomena of re- 
cession, of advance, and of alternate recession and advance in the 
course of which soil beds and plant remains are incorporated between 
distinct sheets of glacial deposits. 

Of all the deposits at present being made in association with Alas- 
kan glaciers, those made by the glacial streams are by far the most 
prominent. During the summer, torrents of water issue from the 
margins of the glaciers, and, where the ice is stagnant or thin enough 
for the existence of subglacial tunnels, from the central portions also. 
These torrents, doubtless esker-building beneath the glacier, spread 
out over alluvial fans, or broad outwash gravel plains, or long, narrow 
valley trains, which they are upbuilding by the extensive deposition 
that is made necessary by the overburdened condition of the streams 
on their escape from the ice tunnels. Over such a deposit the streams 
spread in a multitude of anastomosing branches, ever shifting in posi- 
tion as they aggrade their beds in the effort to establish a grade 
sufficient for the transportation of the sediment load. Within a 
few miles of the glacier front the slope of the aggrading streams may 
average 50 or 60 feet to the mile, and close by the glacier even much 
more than this. 

So great is the velocity of the glacial torrents that good-sized stones 
are dragged along, and one can hear them striking together as they 
roll on down stream. First the boulders are dropped, then the gravel, 
then the sand, and with the change in material deposited is an asso- 
ciated change in grade; but throughout their course the grade of the 
glacial streams is commonly very steep for they are normally so 
charged with sediment, and much of the sediment is so coarse, that 
it quickly settles in a slow current. Schrader says that in its upper 
course the Klutena River has a grade of sixty feet a mile, then for 
twenty-eight miles an average grade of twenty-two feet a mile and 
a velocity of fourteen miles an hour. The Copper River, into which 
it empties, flows with a velocity of eight miles an hour. 

The Sediment Supply of the Glacial Streams.—In volume, slope, 
and sediment load the Alaskan glacier streams are noteworthy. Dur- 
ing a period of a few months each year, the drainage of a wide area, 
locked up in the form of snow and ice, is turned into torrents of 
running water which issue as full-fledged streams, and even as veritable 
rivers from near the glacier ends. A glacier that is just at the 
balance between supply and melting furnishes to the streams only 
that water which is brought down to or near to the ice front; but 
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in a glacier that is receding, there is added to this supply all that 
which is melted from the ice that is no longer moving forward. There- 
fore, where, as is so often the case in Alaska, the glaciers are stag- 
nant or receding, the supply of water exceeds the normal. 

The impressive volume of sediment, fine and coarse, which the 
glacial streams are transporting leads the inquiring mind to raise 
the question as to its origin. Streams having their source in the 
rainfall are not often so sediment-laden as the glacial streams normally 
are; indeed, even the exceptional land supplied streams are rarely 
as heavily burdened, even for a few days, as the glacial torrents nor- 
mally are for several months. Particularly is the question of the 
origin of the finer grained sediment of interest. It is abnormal in 
quantity as compared with mountain streams in general, and yet it 
comes from a drainage area largely protected by snow and ice against 
those atmospheric agencies which transform hard rock to fine clay. 
Can there be any doubt but that the glacier which protects the rock 
against the atmospheric agencies must attack it with equal or even 
greater vigor, in order to obtain this vast burden of sediment that 
the streams bear away ?”* 

The Recession of Glaciers in Alaska.—Throughout the world the 
general state of the glaciers is one of recession, with local exceptions, 
and it is as true of Alaska as of other regions. In the two regions 
where we have the longest record and the most detailed studies— 
Glacier Bay and Yakutat Bay—there have been great recessions dur- 
ing the period of observation, the continuation of a still greater earlier 
recession during the last century or so. For instance, in Yakutat 
Bay the tidal Nunatak Glacier receded at the rate of over 1,000 feet 
a year between 1899 and 1906, with a total recession of over a mile; 
and the nearby Hidden Glacier, ending on the land, receded at 
about a quarter of this rate. Prior to this observed recession, both 
Hidden and Nunatak glaciers had been so far advanced that they 
united and their combined front reached about twenty miles farther 
out than the present end of Nunatak Glacier, and ten miles beyond 
the present terminus of Hidden Glacier. From this advanced posi- 
tion there has been rapid and long continued recession which was 
in progress up to 1906 in Hidden Glacier and up to 1909 in Nunatak 
Glacier. If the observed rate of recent recession of Nunatak Glacier 
has been steadily maintained throughout the period, it is to be 
reckoned as of about a century duration. 

In Glacier Bay the phenomena have been closely like those of 
Yakutat Bay. A long continued recession had been in progress when 
the Muir Glacier was studied by Wright in 1886, and by Reid in 
1891 and 1892. At that time Muir Glacier front was about twenty 
3 See, Von Engeln, 0. D. Zeitschr, fir Gletscherkunde, vol. 6, 1911, pp. 138-144. 
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miles further inland than it had been one hundred or one hundred 
and fifty years before, and Grand Pacific Glacier front was about 
twice that distance back of the former terminus. Where ice had 
formerly filled the mountain valley to a depth of 3,000 feet, the fiord 
waters extended in 1892. This recession has continued since then, 
being especially noteworthy since 1899; and now (1911) both the 
Grand Pacific and the Muir Glacier fronts are nine or ten miles 
farther back than in 1892, the average recession being at a rate of 
not far from 2,500 feet a year for the nineteen years; but it is to be 
noted that the rate has not been regular, and that the greater part 
of the recession has occurred since 1899. The retreat has continued 
up to 1911 in all the glaciers of Glacier Bay with the single excep- 
tion of Rendu Glacier (and a small cascading glacier near it), which 
has recently advanced about a mile and a half. Glacier Bay has 
been enlarged no less than fifty square miles by ice recession in a 
period of nineteen years. Assuming an average thickness of 750 
to 1,000 feet, the total loss of ice in this period is not less than six 
or eight cubic miles. But to this must be added that which has been 
lost by ablation from above the present ice surface; and this is also 
an enormous amount, for all the lower glacier surfaces, even far 
back from their fronts, are now much lower than they were in 1892. 

While these instances are the most striking of which there are 
records in Alaska, in our own studies Professor Martin and I have 
observed scores of other cases, widely separated, where there has been 
notable recent recession and where it is still in progress; and many 
instances have been made known to us by the observations of other 
workers. Therefore, the commonly accepted conclusion that recession 
is the general rule among the Alaskan glaciers seems warranted; yet 
the rule is by no means invariable. For example, Columbia Glacier 
began advancing in 1908, and Professor Martin found it still advanc- 
ing in 1910, while in the same year he observed commencement of 
advance of several glaciers of different sizes in Prince William Sound 
and Copper River valley. We know also of recent advance of other 
Alaskan glaciers, the total known to us to have advanced since 1899, 
being forty-three, nine of which are in Yakutat Bay; but some of 
these forty-three advances are exceedingly slight; and forty-three 
glaciers form but a minute proportion of the whole number of Alas- 
kan glaciers. These facts demonstrate that it cannot be assumed 
either that the recession is universal, or that it is not liable to inter- 
ruption. Too little is known about Alaskan glacier history and about 
Alaskan climate and its variations, to warrant any generalization with 
regard to the possible future of its glaciers; it is not even certain 
that the present state of general recession is anything more than 
an episode. 
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Advance of Glaciers as a Result of Earthquake Shaking.—Of all the 
recent glacier advances of which we have record in Alaska, by far 
the most interesting are those of Yakutat Bay. Following the vigor- 
ous earthquakes of September 1899, and as I have elsewhere endeav- 
ored to show,”* as an indirect result of them, has come a series of 
forward movements and transformations of a very spectacular char- 
acter, interrupting a period of general recession and affecting even 
stagnant glaciers and piedmont bulbs. First there came a spasmodic 
advance of at least two small glaciers, and probably others that we 
failed to detect on our first expedition in 1905; then, in the interval 
between September 1905 and June 1906, an advance occurred in 
four larger glaciers; in 1906 or 1907 the Hidden Glacier advanced ; 
in 1909 the still larger Lucia Glacier, and in 1909-1910 the Nunatak 
Glacier advanced. The progressive appearance of the advance, cor- 
related with the length of the glaciers, has been set forth in the fol- 
lowing table prepared by Professor Martin: 


APPROXIMATE LENGTH 
NAME OF GLACIER DATE OF ADVANCE OF GLACIER 
Galiano After 1895 and before 1905 2 or 3 miles 
Unnamed Glacier 1901 3 or 4 miles 
Haenke 1905-6 6 or 7 miles 
Atrevida 1905-6 8 miles 
Variegated 1905-6 10 miles 
Marvine 1905-6 10 miles (exclusive of por- 
tion in Malaspina pied- 
mont area) 
Hidden 1906 or 1907 16 or 17 miles 
Lucia 1909 17 or 18 miles 
Nunatak 1910 20 miles 


*T have stated this theory in various publications, and in these have given a 
full statement of the facts and a discussion of their bearing on the theory, 
so that, in view of the general character of this address and its necessary brief- 
ness, only a very short and general statement is attempted. See especially Tarr, 
R. 8., Second Expedition to Yakutat Bay, Alaska, Bull. Geog. Soc. Philadelphia, 
vol. 5, 1907, pp. 1-14; Recent Advance of Glaciers in the Yakutat Bay Region, 
Alaska, Bull. Geol. Soe. America, vol. 18, 1907, pp. 257-286; The Yakutat Bay 
Region, Alaska, Professional Paper No. 64, U. S. Geol. Survey, 1909; The Theory 
of Advance of Glaciers in Response to Earthquake Shaking, Zeitschrift fir 
Gletscherkunde, vol. 5, 1910, pp. 1-35; also Tarr, R. S., and Martin, Lawrence, 
Recent Changes of Level in the Yakutat Bay Region, Alaska, Bull. Geol. Soc. 
America, vol. 17, 1906, pp. 29-64; The Yakutat Bay Earthquakes of September 
1899, Professional Paper No. 69, U. S. Geol. Survey, 1912. 
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The advance involved a profound breaking of the glacier surface 
even where previously smooth and uncrevassed; the lower portion of 
the glacier was greatly thickened; where unconfined betwen moun- 
tain walls there was a notable spreading at the margins; and the free 
ends of the glaciers were bodily moved forward. In all cases the 
transformation was rapid and even spasmodic, requiring a period 
of but a few months for the complete cycle; and in all cases the 
advance was quickly followed by relapse into the previous state. In 
other words, a wave spread down through the glaciers with accompany- 
ing thickening, spreading, advance, and breaking of the rigid upper 
ice; but after its passage the glacier was left in essentially the same 
state of activity as before, even though that state had been complete 
stagnation in parts of the affected area. 

In some cases the wave spent its effects in breaking, thickening and 
spreading a piedmont bulb, with little actual advance; in others, the 
effects of the thrust being confined by bordering mountain walls, and 
thereby concentrated on the frontal end, there was notable advance 
of the terminus. Such an advance is best illustrated in the Hidden 
Glacier whose front was pushed forward about two miles; and where 
the ice front stood in 1906 the glacier was 1,100 feet thick after the 
advance. During a brief, spasmodic advance, at least a third of a 
cubic mile of ice moved beyond the 1906 front; and great volumes 
of ice were also added to the glacier back of the old front, for in 
1909 the glacier surface rose to a far greater height than in 1905 
and 1906. 

The theory put forward to account for this series of glacier ad- 
vances is that the vigorous earthquakes of September, 1899, shook 
down such great avalanches of snow, ice and rock in the glacier reser- 
voirs as to necessitate a wave of advance that swept down through the 
glaciers, reaching the terminus of the smaller ice tongues very quickly, 
and the larger ones at later dates, while up to the period of our last 
observations, in 1910, the very largest glaciers had not yet responded. 
Since the cause was a sudden and concentrated addition of large 
supplies to the glacier reservoirs, the resulting wave was naturally 
rapid in its passage, and it quickly subsided, while its effects in 
passing were both spasmodic and extreme. 

A study of four seasons discovers only evidence favoring this 
theory, and since it is an efficient cause, known to have been actually 
present, while no facts are known to oppose it and a great number 
favor it, I feel convinced that the earthquake avalanche theory merits 
the wide acceptance that it has received. It adds a new, and, in 
favorable regions, probably a very important cause for fluctuations 
in glacier margins. How widely it may be extended in explanation 
of other glacier advances remains to be established by future studies; 
it is not to be expected that it will replace the theory of climatic 
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cause for glacier fluctuations; but it may well be expected to sup- 
plement it and perhaps in part replace it in regions of frequent 
earthquakes. 

Local Nature of Recent Great Advances.—It is too early to 
attempt to explain all the known variations in Alaskan glaciers, for 
as yet the body of fact is limited both as to time and as to area. Yet 
there are some significant features that are well worth consideration. 
Attention has already been directed to the fact that there has been 
a very great recent recession of the ice fronts in Glacier Bay and a 
similar recession in the Yakutat Bay region one hundred and fifty 
miles to the northwest. This recession, which has been in progress 
for the past century or more, is really but part of a cycle, in which 
the glaciers are still receding toward a former minimum. Having 
at an earlier period been far advanced, and having held this position 
for a long time, the glaciers in both regions receded to a stand even 
farther back than the present ice fronts, and remained there long 
enough to permit the growth of mature forests; then came an advance 
pushing the ice fronts forward from twenty to fifty miles. This 
advance is known to have been of brief duration, for the gravels over 
which the glaciers advanced were not removed by the ice erosion; and 
it was quickly succeeded by the rapid recession that has been in 
progress during most of the period of observation. 

So great an advance, followed by so great a recession, might be 
expected to be part of a general cycle affecting all or a large part of 
the Alaskan field. Yet such is not the case, for in Prince William 
Sound, two hundred and fifty to three hundred miles to the west of 
Yakutat Bay the recent glacier history has been wholly different. In 
no case have the glaciers recently had a position far beyond their 
present fronts, while in some cases it is certain that they are to-day 
as far out as they have been in a century or two. This is especially 
clearly seen to be the case in Columbia Glacier, which in 1909 and 
1910 was advancing into and destroying a mature forest. Forest also 
grows on the mountain slopes above the glacier for many miles back 
from its front, suggesting that this glacier is now in a state of unusual 
advance analogous to that experienced a century or more ago by glaciers 
to the southeast. Since there is no reason to suspect that a general 
cause which was operating to bring about glacier advance in the 
Alaskan coastal region could suffer retardation of a full century in 
the Prince William Sound region, we are forced to the alternate 
view that even such great advances and recessions as those proved for 
the Yakutat and Glacier Bay regions, are localized phenomena. 
Whether due to uplift or depression, to vigorous and repeated earth- 
quake shakings, or to local climatic variations remains yet to be 
determined. 


| 
7 
24 
f 
| 
h 
q 
‘ 


19 


THE RECENT RETREAT OF MUIR GLACIER 


Cause of the Recent Retreat of Muir Glacier.—It has been a 
generally favorite theory that the remarkable recession of Muir 
Glacier since 1899 is an indirect result of the great earthquakes of 
September, 1899. Latterly it has been proposed that the recession 
is due not to this cause but to the enlargement of ice area exposed 
to the sea water and consequently to wastage by iceberg discharge. 
Neither of these theories, nor the two combined, are either competent 
or needed to explain the phenomena of recession, though doubtless 
each has been a factor in it. Granting the maximum disturbance by 
earthquake shaking, and granting even that the glacier could be broken 
from surface to bottom, which is highly improbable in view of the 
nature of ice under pressure, the cracks would certainly heal and the 
ice become cemented in its lower portions soon after the breaking. 
There would be no basis for the continuation of the effect of the 
earthquakes for a number of years after the shocks themselves had 
died out; yet recession has continued for twelve years after the earth- 
quakes. Moreover, recession began many years before the earth- 
quakes, though the rate has been much increased since 1899. As to 
the theory that the recession is due to the enlarged area of ice exposed 
to salt water, that is surely an efficient aid in recession; but it does 
not account for the continuation of notable recession of other glaciers 
of the region which now have less, rather than greater, area exposed 
to the salt water. Nor does it account for the excessive wastage along 
land margins and on ice surfaces back from the fronts. In view of 
the fact that the glaciers of Yakutat and Glacier Bays have been in 
a state of rapid recession for a century or two, all that is necessary 
in explanation of the recession since 1899, is to consider it an acceler- 
ated part of this grand retreat which must be due to a deficiency 
of snow supply following an excess in supply, or an emptying of the 
glacier reservoirs succeeding a filling of them. Of course, the rate 
of recession may readily have been temporarily modified by crevassing 
due to earthquake shaking, or locally modified by variation in 
exposure to wastage, or checked or increased by variations in precipita- 
tion or temperature. These, or any other temporary or local causes, 
are but minor episodes in the general withdrawal of glaciers which 
a century or two ago had for some reason, as yet unknown, been 
made to advance farther than they could remain. 

Some of the Factors Involved in the Phenomena of Advance and 
Retreat.—Under the simplest of circumstances the advance or retreat of 
a series of glaciers is a complex phenomenon in which so many factors 
are involved that a full analysis of them cannot be undertaken here. 
Yet some of the factors stand out with such distinctness that I may take 
time briefly to point them out. The nature of the glacier terminus 
is of fundamental importance. If the end of an ice tongue is in 
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water it makes a great difference in the rate both of advance and 
recession whether the water is salt or fresh, whether it is deep or 
shallow, whether it is in active movement or is quiet, whether there 
is or is not a free escape for the icebergs, and whether the relative 
area of ice cliff is small or great. All these factors are effective in 
addition to the rate of supply of ice to be discharged. If, on the 
other hand, the terminus is on the land, there are questions of exposure, 
of elevation, and of amount of moraine cover, as well as the amount 
of ice supplied. 

Illustration from Yakutat Bay.—It is clear that there must be a 
very great difference, especially in recession, according to whether 
the ice front is on the land or in the sea, for in the latter position 
wastage is far more rapid than in the former. This finds clear illus- 
tration in the Yakutat Bay region, for during the recent great 
expansion of the glaciers a century or two ago, not only were the 
tidal Nunatak, Turner and Hubbard glaciers caused to advance but 
the glaciers ending on the land also pushed forward, presumably at 
about the same time. Along the margin of Malaspina Glacier, for 
instance, the same phenomena of overridden gravels and buried forests 
are discovered as in the area over which Nunatak-Hidden glacier 
advanced. But while the tidal glaciers have receded ten to twenty 
miles, the recession of Malaspina Glacier has been, at the most, but 
a fraction of a mile; and in some parts of its moraine-covered margin, 
on which forest grows, it has remained practically stationary for at 
least half a century. This extreme difference may possibly be in 
part due to a more constant maintenance of the ice supply in the 
Malaspina Glacier, though of this there is no proof; it certainly is 
partly due to the difference in rate of recession of glaciers terminating - 
on the land and in the sea. 

Modification of Local Climate as a Result of Advance and Retreat.— 
In interpreting both the cause and the rate of advance or recession of 
glaciers it is evident that the mere fact of advance encourages advance, 
while recession encourages continuation of recession. When a glacier 
advances, the area of ice surface is increased, and its level rises, while 
with retreat the glacier surface is lowered and the area of ice is 
decreased ; and if the terminus is in the sea, there is a variation in 
the amount of floating ice with advance or recession. These changes 
produce a very pronounced effect on local climate, influencing both 
snowfall and ablation. Though the extent of the influence is naturally 
variable, it is roughly proportionate to the amount of the advance or 
retreat and to the area and height to which the variation extends. 
Other things being equal, the influence of an advance in encouraging 
advance is greater and more prolonged when the ice ends on the land 
than when its terminus is in the sea; for on the land the ice spreads 
farther and remains in position longer. Thus the climatic influence 


| 
’ ' 
4 
| 
| 
; 


RECESSION FOLLOWING ADVANCE 21 


of the last advance of Malaspina Glacier is still dominant, while 
that of the neighboring Hubbard Glacier has been very greatly reduced 
by its notable recession. 

In illustration of these principles it may be stated that photographs 
of Hidden Glacier, which in the interval between 1905 and 1909, had 
advanced two miles and had become greatly thickened, show a very 
notable difference in the amount of snow on and above the ice. This 
is undoubtedly due to the double cause of greater snowfall and 
decreased melting, brought about by a modification of the local climate 
as a result of the advance. At Muir Glacier, which in the interval 
between 1892 and 1911, has suffered such excessive recession and 
lowering of its surface, the climatic difference is also distinctly notice- 
able in photographs, but with results of exactly the opposite kind. 
Here there is a smaller area of ice, the surface of that which remains 
is much lower than formerly, a larger proportion of the surface is 
covered with moraine or discolored by debris, and the snow-covered 
area on the mountain slopes is greatly diminished. Without doubt 
the depth of annual snowfall is markedly decreased, while the amount 
of ablation is notably increased in 1911, as compared with 1892. 
Thus when a deficiency of snowfall gives rise to a recession, the rate 
of ablation may come to be considerably in excess of the amount by 
which the ice supply is deficient, and the rate of retreat therefore may 
become much more rapid than would be expected from the mere 
difference in ice supply. 

Recession Following Advance.—The problem of advance and reces- 
sion is still further complicated by the apparent manner in which 
glacier advances take place. As shown by Finsterwalder and others, 
the Vernagt Glacier of the Tyrol responds to climatic variations by 
the passage through the glacier of a wave which causes the terminus 
to move forward, the forward movement being concentrated in a 
brief period of time. Other glaciers, in the Himalayas, in Patagonia, 
and in Spitzbergen, whose ends have been rapidly and notably pushed 
forward are apparently illustrations of the same principle; and 
because of the peculiar nature of the cause for the wave, the Yakutat 
Bay glaciers furnish illustrations of an even more spasmodic move- 


* Finsterwalder, S., Der Vernagtferner, Wissenschaftliche Erganzungshefte zur 
Zeitschrift des D. u. O. Alpenvereins, 1. Band, 1. Heft. Graz, 1897. Anhang. 
Blumeke, A. und Hess H., Die Hachmessungen am Vernagtferner; Blumcke, A. 
und Hess, H., Beobachtungen an den Gletschern des Rofentales, Mitt. des D. u. 
O. A. -V., Jahrgang 1900, Nr. 4; Einiges uber den Vernagtferner, ibid. Jahrgang 
1902, Nr. 18; Tiefbohrungen auf dem Hintereisferner, 1902, ibid. Jahrgang 1902, 
Nr. 21; Tiefbohrungen am Hintereisferner im Sommer 1908, Zeitschrift ftir 
Gletscherkunde, Band III, 1909, pp. 232-236; Tiefbohrungen am Hintereisgletscher, 
1909, Ibid. Band IV, 1909, pp. 66-70; Hess, H., Zur Mechanik der Gletschervor- 
stosse, Petermanns Geogr. Mitt., 1902, Heft V; Hess, H., Probleme der Gletscher- 
kunde, Zeitschrift fiir Gletscherkunde, Band I, 1906, pp. 241-254. 
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ment, and a more rapid subsidence of the wave of advance. There are 
many instances of minor, or minute, advances of glacier fronts; and 
we also know of a number of cases of noteworthy advances in Alaska 
and elsewhere. The latter all seem to be illustrations of the same 
principle,—that a wave of advance, concentrated on the terminus of 
the glacier, pushes it far forward; then follows a relative deficiency 
- of supply and consequent retreat. In the recently advanced glaciers 
of the Yakutat Bay region the subsequent deficiency has been so 
great that stagnation has immediately followed advance. 

We have not yet a body of fact large enough to warrant the statement 
of a law, but such knowledge as we possess indicates that there is 
reason to expect relatively rapid recession following an advance 
because a deficiency of supply follows as a necessary result of the 
utilization of a part of the ice supply in the progress of the wave of 
advance. In other words the reservoir is temporarily depleted by the 
drain upon it during the advauce. 


Former Griaciation.—The major part of this address has been 
devoted to the existing glaciers and their recent history, for this has 
been the field of my most extensive study. But little time remains 
for a consideration of the former glaciation, and what is said must 
of necessity be brief, and deal with only the most general and funda- 


mental points. 

Extent of Former Glaciers.—It is now a well known fact that in 
recent geologic time there has been a very notable expansion of 
Alaskan glaciers both along the coast and in the interior. The fiords 
of southeastern Alaska were filled with ice to their seaward entrances, 
and the same was true as far west as Alaska Peninsula. Thus there 
was a vastly greater ice-covered area on the seaward side of the coastal 
mountains than now exists there. In the interior there was also 
notable expansion on the inner side of the coastal mountains, on both 
sides of the Wrangell and Alaska Ranges, and in the Endicott 
Mountains. Elsewhere in the mountains of the interior, even where 
there are now no living glaciers, there were valley tongues, and perhaps 
even expanded piedmont bulbs. All this glaciation was, however, 
purely of the mountain type, and far the greater part of Alaska was 
untouched by it. 

Along the coast there were extensive piedmont glaciers, and there 
were vast piedmont ice sheets filling the fiords to a depth of several 
thousand feet, overflowing the low islands and peninsulas now separat- 
ing them, and discharging icebergs into the ocean. Piedmont glaciers 
also developed along the inner face of the coastal mountains and on 
both sides of the Wrangell Mountains, and the Alaska Range. 

By far the greatest area of ice in the interior was that which, in its 
maximum stage, nearly or quite filled the great basin that lies between 


2 
7 
4 
2, 
j 


THE PERIOD OF EXPANSION 23 


the coastal mountains, the Wrangell Mountains and the Alaska Range, 
forming a great intermont glacier by the junction of a series of 
piedmont glaciers. The exact extent and the characteristics of this 
glacier are not yet determined ; and it is not certain that it filled the 
entire Copper River Basin, though it probably did, and even extended 
into the Susitna Valley. 

Deposits of Former Glaciers.—The deposits of this former glacia- 
tion are not usually extensive among the mountains, whence they 
have easily been removed by subsequent denudation; nor are they very 
notable in most places along the coast, for there the greater portion 
of the deposits doubtless lies beneath the sea. Only in a few places, 
as in the foreland that skirts the seaward base of the Fairweather 
Range, is there an extensive area of deposit; elsewhere the general 
scarcity of glacial deposit is usually striking. 

In the interior, on the other hand, and notably in the Copper River 
Basin, there is a remarkable development of glacial and glacio-fluviatile 
deposit formed during the period of glaciation and during its stages 
of advance and of recession, of which the present must be considered 
a part. Here one finds the greater number of glacial features common 
to an area of continental glaciation,—lake and glacial stream deposits, 
loess, till, eskers, kames, moraines and marginal channels are found 
in perfect development over a wide area. One familiar with glacial 
deposits in Europe or America finds himself quite at home in the 
Copper River Basin. 

The Period of Expansion.—There has not been enough study of 
the glacial deposits to render it possible to state whether the history 
of the glaciation in Alaska presents the same complexity as that 
observed in Europe and eastern America; nor can it even be assumed 
that the Alaskan glaciation was contemporaneous with the glaciation 
of these lands. Yet, although very extensive glaciers still exist in 
Alaska, and although these are certainly the descendants of the former 
expanded glaciers, it is entirely possible that the time since the 
maximum expansion is as great as that in other northern lands, such 
as Norway and Scotland. I can see no noticeable difference either 
in the extent of post-glacial denudation, or in the weathering of 
glacial deposits in Alaska and the Alps, or Norway, or Scotland. The 
greatest expansion of Alaskan glaciers certainly occurred many cen- 
turies ago, and may well have been as long ago as the time when the 
glaciers of the Alps shrank back into the mountain valleys. The 
vast work performed by glacial erosion in the Alaskan fiords clearly 
proves that the period of expansion of glaciers was of long duration. 

Difference in Extent of Recession.—There is one very puzzling 
condition that renders the solution of the problem of the time of 
maximum expansion difficult to solve. In southeastern Alaska and in 
Prince William Sound the tidal glacier fronts now lie from 75 to 
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100 miles farther back than they were in the period of greatest 
expansion, and vast areas of land and water have been uncovered 
by the recession of the glaciers. So also there has been a very large 
area uncovered by glacier recession in interior Alaska. But in the 
coastal area between Cross Sound and Prince William Sound, the 
glaciers of to-day are only slightly less extensive than they were at 
the maximum. According to G. C. Martin,’® the present surface of 
Martin River Glacier is only 600 or 700 feet lower than during the 
maximum glaciation, while Bering Glacier is only about 200 feet 
lower; and the horizontal extension of the glaciers at the period of 
maximum expansion was only very slightly beyond the present borders. 
Malaspina Glacier has shrunk more than the Bering, but even this 
is far nearer the maximum than the glaciers of Prince William 
Sound toward the west, or those of the Inside Passage to the south- 
east, or those of the interior to the north. In the same region with 
Malaspina Glacier, the expansion of the Nunatak-Hidden Glacier, of 
a century or two ago, extended to within ten or fifteen miles of the 
earlier maximum. 

From these facts it is evident that locally, near the center of the 
coastal area of Alaskan glaciation, the present day glaciers are only 
a little short of their former maximum. This may be due to recent 
extensive uplift of the mountains in which these glaciers have their 
source, or to other local causes; or the entire history of Alaskan glacia- 
tion may be related to changes in elevation, and wholly unrelated to 
those causes that gave rise to the development of continental glacia- 
tion in Europe and eastern North America. We are not now in 
possession of a sufficient body of fact to warrant further discussion 
of this problem. 

Concivusion.—This brief analysis makes it clear that up to the pres- 
ent time only a beginning has been made in the research in the field of 
Alaskan glaciers and glaciation. Enough has been done, however, to 
show the existence of interesting and important problems, to permit 
a few of them to be set forth in concrete form, and to discover facts 
that have a bearing upon some of them. But there is so much yet 
to be learned, so many more facts are needed, there is so wide a 
field that is wholly unknown, and the period of observation is so limited 
that anyone who undertakes to consider the general problems of this 
broad and complicated field cannot but feel appalled at the limita- 
tions surrounding his attempt. At best, with all the help that he 
can obtain from the work of others, he can only hope to make a step 
toward the understanding of the conditions and problems of this great 
field. I do not delude myself with the belief that in this address I 
have done more than this. 

Martin, G. C., Geology and Mineral Resources of the Controller Bay Region, 
Alaska, Bull. No. 375, U. 8. Geol. Survey, 1908, pp. 50-52. 
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Guiaciers AND Transportation Routes Ataska.—Throughout 
the coast region of Alaska there are many relationships between 
glaciers and man’s attempt to establish transportation routes. The 
junior author has previously discussed before the Association of 
American Geographers some of the glacier highways in Alaska,’ and 


* Published by permission of the Chairman of the Research Committee of the 
National Geographic Society. 

The authors shared equally in the field work upon which this paper is based. 
The lamented death of the senior author on March 21, 1912, occurred before the 
paper was written in the form here presented. The junior author assumes full 
responsibility for any errors of interpretation. 
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both authors have previously described the complications of glaciers 
and railway building along the Copper River and Northwestern Rail- 
way.” 

The combination of (a) lofty mountains along the Pacific coast, 
(b) heavy precipitation including much snowfall, resulting in large 
ice tongues which completely fill or project into the passes across 
the coast range, and (c) geographical distribution of harbors in 
relation to resources of the region inside the coast ranges, has resulted 
in the necessity of (1) using the glaciers as temporary highways, as 
at Valdez Glacier and several other ice tongues, or (2) following val- 
leys partly barred by ice tongues, as along the Copper River and 
Northwestern Railway, or (3) building railways and roads over snowy 
passes, as on the White Pass and Yukon Railway and several other 
routes to the interior. 

The case described in this paper is of a different sort. The trans- 
portation route in question does not cross a glacier, but it goes so 
close to one that the glacial streams cause decided complications. 
Railway engineers have not previously had to deal with this sort of 
stream, and the locating engineer so thoroughly misunderstood the 
habit and power of glacial streams that his successor has had a grave 
problem to deal with. He was at work upon this problem at the time 
of the visit of the authors to the Alaska Northern Railway in 1911, 


in connection with the third glacial research expedition of the National 
Geographic Society. 


Tue Araska Nortuern Rartway.—The Alaska Northern, orig- 
inally called the Alaska Central Railway, extends from the town of 
Seward, on the Kenai Peninsula just west of Prince William Sound, 
toward the Matanuska coal field. Only seventy-two miles of this 
railway were built up to 1911 but it will doubtless soon be constructed 
the remaining seventy-eight miles to this coal field. This railway 
may eventually be extended to the Tanana and Yukon valleys in the 
interior of Alaska, especially if it is purchased by the government, 
as was recently recommended by the Secretary of the Interior. 


The Alaska Northern Railway, as it was built, crosses two passes, 
the highest of which is about 1,080 feet above sea level. Each of 
these passes was considerably lowered by glacial erosion. In descend- 
ing the northern side of the higher of these passes it has been neces- 
sary to construct several great curves and loops including one spec- 
tacular, high spiral trestle, close to the large, inactive Bartlett Glacier. 
A little farther north the railway line descends out of a hanging 
*arr, R. 8. and Martin, Lawrence, Geographical Aspects of Alaskan Glaciation, 
Cambridge meeting, December, 1909, Annals, Assoc. Amer. Geographers, Vol. 1, 
1911, p. 121; The National Geographic Society’s Alaskan Expedition of 1909, 
Nat. Geog. Mag., Vol. XXI, 1910, pp. 1-54. 


| 
res 
4 
; 
x 
he, 
a, 
; 
#2 
; 


Fie. 1—Map showing Alaska Northern Railway and its relation- 
ship to the Turnagain Arm of Cook Inlet and the Passage Canal 
fiord in western Prince William Sound. 
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valley into the main valley occupied by Spencer Glacier. The lip of 
the hanging valley is gashed by a deep, post-glacial gorge. The 
railway follows the side of the gorge, whose sides are so steep that 
six short, curving tunnels have been dug. Below the northernmost 
of these tunnels the railway reaches the level of the main valley and 
passes close to the front of Spencer Glacier (Fig. 3). 


Tue Spencer Gracier.—The Spencer Glacier flows northwestward 
from unexplored snowfields in the Kenai Peninsula, terminating seven 
miles south of the Turnagain Arm of Cook Inlet. It is nearly a 
mile and a half wide at the terminus. The glacier is clean, is only 
moderately crevassed (Plate II, a) and is flowing forward so slowly that 
the ice at the terminus was melted back thirty-six feet between 1905 
and 1911. Four large streams emerge from the glacier, three of them 
on the western and one on the northern margin. The latter, which 
is the only one of especial interest in this paper, flows into a box 
canyon a few hundred feet from the point of emergence, continuing 
in this rock gorge for over a mile. 


Tue Trerminat Morarnz.—A terminal moraine was built by 
Spencer Glacier at a period of recent expansion. Part of this moraine 
has been destroyed by the glacial streams, and the remaining portion 
is over a mile in length and an eighth to a sixteenth of a mile wide. 
It rises to a height of twenty to twenty-five feet and is made up 
chiefly of rounded stream gravels, evidently the material of an older 
outwash gravel plain pushed up by the glacier in its recent advance, 
when a little till was added. The eastern edge of this moraine has 
been cut up into half a dozen disconnected hillocks, separated by 
stream channels. The remainder of the terminal moraine is a solid, 
somewhat knobby mass, with marked lobes on the outer edge (Plate 
II, b). The glacier has retreated about one thousand feet from the 
outer edge of the terminal moraine, and a few youthful shrubs have 
taken root upon its surface. 


Tue Ovurwasu Graver Fan.—Extending northward from the ter- 
minal moraine of Spencer Glacier to the head of Turnagain Arm is 
a broad valley train of outwash gravels which fill this mountain valley 
from side to side. The outwash gravels also fill most of the area 
between the terminal moraine and the present edge of the glacier. 
Where the eastern portion of the terminal moraine has been cut away 
by the glacial streams an alluvial fan of steep slope extends north- 
ward (Plate II, b, and Plate III, a) and merges with the valley train. 
This alluvial fan is made up of rather coarse outwash gravel and 
slopes northward at the rate of seventy-three feet to the mile (Fig. 
2). Close to the ice front the gravels have been laid down upon the 
outer edge of the glacier and the buried ice has melted, giving rise 
to a series of kettles. At the very margin of the glacier the ice has 
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recently shrunk away from the gravels; forming a long narrow fosse 
with one wall of ice and one of gravels underlain by ice. 


Tue Barren Zone.—The terminal moraine and adjacent outwash 
gravel plain are practically without vegetation and there is also a 
barren zone on either margin of the glacier (Plate II, a), where melt- 
ing has caused it to shrink away from the valley slopes. This lateral 
barren zone is a surface of practically naked rock, forming a striking 
contrast with the higher slopes, which support a dense, mature forest 
of conifers, with a thick carpet of moss. The trees attain diameters 
of forty-six to fifty inches and are a century or more of age. In the 
barren zone the soil, the moss, and the trees have all been removed 
by a recent advance of Spencer Glacier. In some of the hollows a 
little gravel and till have been left during the retreat of the glacier 
margins. Scattered through this and lying upon the bare rock ledges 
are many logs and fragments of stumps of trees, together with quan- 
tities of finely-shredded wood. Here and there, in parts of the barren 
zone where soil is present, small alders and willows have sprung up 
since the zone was vacated by the ice. The oldest of these shrubs 
were twelve years of age in 1911. 


Recent Expansion or Spencer Guiacrer.—The barren zone and 
the terminal moraine show that in comparatively recent times this ice 
tongue has had a period of expansion. During this expansion the 
glacier was larger than it had previously been for a century or more, 
for the mature forest was eroded away in what is now the barren 
zone. The youthful shrubs in the barren zone prove that this expansion 
was at least twelve years before 1911, or not later than 1898 or 1899. 
Our observations in similar barren zones of Alaskan glaciers show 
that such periods of expansion are short-lived and that vegetation 
springs up immediately, suggesting that the period of expansion was 
not over a year or two before 1898. There are no observations by 
visitors to Spencer Glacier to tell anything further as to the exact 
date of this latest period of glacial expansion. 


Location or Ataska Nortuern Rartway.—The por- 
tion of the railway near Spencer Glacier was surveyed some time before 
January 8, 1906 and the track was laid in August, 1907. The 
original location has three conspicuous defects. First it goes within 
the barren zone on the southwestern margin of the glacier, where the 
northernmost tunnel goes through a rock spur wer which the glacier 
extended in its period of recent expansion (Fig. 3). This is on the 
side of the rock gorge by which the stream from the Bartlett Glacier 
near the pass descends from its hanging valley to the valley of 
Spencer Glacier. Between the two previous tunnels this stream is 
reinforced by a glacial stream which plunges over a beautiful water- 
fall to the gorge, the retreating edge of the glacier being only a few 
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hundred yards from the gorge in 1911. Between the two northern- 
most tunnels, however, the edge of the barren zone crosses the track, 
crossing it again directly above the roof of the last tunnel. At this 
locality a renewal of activity as slight as that just before 1898 would 
destroy this portion of the railway. 

The second defect in original location is where the railway, after 
crossing the westernmost and largest of the streams of Spencer Glacier 
by a high trestle, continues northeastward by a long tangent which 
is built on the terminal moraine itself for over half a mile (Fig. 3) 
and then goes on across the northern alluvial fan of outwash gravels. 
To have located this railway upon the terminal moraine of a living 
glacier which has retreated less than a quarter mile from the moraine 
built by it not much over a dozen years ago, shows a lack of knowl- 
edge of glaciers and an unwarranted belief that continued reces- 
sion is inevitable. Our own study of ice tongues, bringing out the 
facts that (a) sixty-nine glaciers in Alaska have advanced since 1786, 
forty-eight of them since 1899 and (b) that the terminus of one 
glacier has moved forward a mile in ten months, two others one 
and a half and two miles, respectively, in less than three years and 
probably in a single year, lead us to regard this railway location as 
extremely ill-advised. 

The third poorly-considered feature of the railway location near 
Spencer Glacier was the building of the railway line across the north- 
ern alluvial fan of outwash gravels. Here the mile and a half of 
railway immediately northeast of the terminal moraine is located so 
close to the glacier that the streams from the retreating ice tongue 
have already done thousands of dollars worth of damage to the grade 
and the bridges. This would continue with inactivity and retreat of 
the ice and would be even worse if the glacier should advance, making 
itself felt long before the ice moved forward to the railway itself. 

It should be said in justice to the railway engineers that these are 
errors of location which any engineer without experience with the 
habits of glacial streams might have made, in the belief that glaciers 
in Alaska are generally retreating. When built, the railway was ele- 
vated on piles above the surface of a good part of the alluvial fan 
and an adequate number of bridges and culverts, most of them with 
openings fourteen feet high in the center, was built to accommodate 
the existing streams. What was overlooked was (a) that the fan 
is still being built up, and (b) that the glacial streams, like all streams 
on alluvial fans, are shifting rapidly in their courses. 

Disapvantaces oF Oricryat Location.—The disadvantages in 
the original location of the portion of the Alaska Northern Railway 
near Spencer Glacier soon became apparent, especially in the railway 
grade upon the outwash fan (Plate IV). The anastomosing streams 
from the northern part of the glacier soon abandoned their channels 
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beneath the bridges and culverts and established new courses across 
the railway track. These streams flow with great velocity and carry 
much coarse sediment. They rapidly filled the elevated portions of 
the trestle so that a section of the track which was originally so 
high above the fan that a team of horses could be driven underneath 
soon had the gravels at the level of the track. Bridge openings which 
were two to nine feet high and thirty-six to two hundred and eight 
feet long were completely filled (Plate IV, a) in the three years before 
August, 1910.2 The gravels were laid down in some places to a 
depth of six to fifteen feet above the level of the rails. Bridge No. 
93 was filled to a depth of six feet, bridge No. 94 to a depth of five 
feet, and others to a depth of nine to fourteen feet. The twenty bridges 
and culverts in a distance of one and a half miles were all filled solid 
and abandoned and the streams flowed over or cut away the track 
in a score of new channels. 

Unsuccessrut To Divert THe Gracia, Stream.—The 
railway engineers at once took measures to divert the glacial stream 
from the northern margin of the glacier so that it should flow north- 
westward and cross the railway near the terminal moraine where the 
track was elevated some little distance above the gravels. It was 
thought that by throwing two dikes (Fig. 2) across the stream course 
this diversion would be possible. 

Consequently a dam of piling twelve feet high, filled with coarse 
rubble, was built westward from the valley wall to an isolated rock 
hill one hundred and seventy feet distant. From this hill a dike 
twenty-one hundred feet long was built northwestward to a point 
north of the railway. This dike was made of a double line of heavy 
piling driven deeply into the gravels. The two lines of closely-set 
piles were tied together by heavy log cribwork. The twelve foot space 
between the piles was filled with large fragments of heavy, angular 
rocks. Small wing dams projected at an angle from the upstream 
face of the dike to keep the stream from undercutting the piles. 

The short upper dam held, but was filled by the glacial stream to 
a height of ten to eleven feet. The long dike did divert the stream 
for a time but it was impossible permanently to turn from their courses 
glacial streams flowing down a slope of seventy-three feet to the mile 
and armed with coarse gravel for cutting-tools. The streams, there- 
fore, soon broke through the dike not once but, in half a dozen places, 
as is shown in Fig. 2, resuming their normal courses down the north- 
eastern slope of the alluvial fan. The havoe which they wrought in 
the dike is shown in Plate III, b. 

Since the failure of the dike, the railway has undergone a con- 
tinual struggle with the stream. The building of new bridges, the 


*This and the following figures were furnished us in the summer of 1911 by 
Col. A. W. Swanitz, chief engineer of the Alaskan Northern Railway. 
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shovelling of gravel from the track, the raising of the grade to accom- 
modate the upbuilding of the fan, and the replacing of rails has been 
a continual source of trouble and expense, to say nothing of the inter- 
ruptions of traffic on the railway. Several log cabins occupied by 
the workmen on the railway in 1907 were half buried in the stream 
gravels in 1911. The conditions along the railway when the authors 
visited Spencer Glacier in 1911 are suggested by Plates IV and V. 


Fic. 2.—Contour map showing the northern alluvial fan of outwash gravels at 
Spencer Glacier, the dikes built to divert the glacial streams from the Alaska 
Northern Railway and places where streams broke through the dikes (after a 
map by the railway engineers). 


In some places the heavy steel rails had been bent into sinuous curves, 
and when it is remembered that the stretch of track across the alluvial 
fan is a tangent or perfectly straight section of the railway the pic- 
tures speak for themselves. We wondered in some places whether we 
could safely take a handcar over some portions of the track, but, as 
the rails were bent in parallel curves, we afterwards rode over some 
of these snake-like curves, first in a heavy gasoline-propelled railway 
car, and later on a freight-train behind a standard locomotive. On 
June 25th when the junior author made the map reproduced here 
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as Fig. 3 one mile of track had thirteen dry bridges, filled flush with 
gravel and four or five streams were flowing beneath the track where 
there was no bridge, one stream having shifted half way from under 
its bridge (Plate V, b), and another flowing over the tops of the 
rails. These conditions called for prompt, efficient action; and the 
railway was then fortunate enough to have a chief engineer fully 
capable of coping with the situation. 


Tue For ContTRoLiine THE 1911.—This engi- 
neer, Col. A. W. Swanitz, worked out in the summer of 1911 a new 
plan for controlling the glacial stream. Col. Swanitz, it should be 
said, was not connected with the railway at the time of the original 
location and the attempted diversion by the dikes. The authors are 
deeply indebted to Col. Swanitz and to the present President of the 
railway, Mr. O. G. Laberee, for entertainment at the engineer’s camp 
on the terminal moraine of Spencer Glacier at the time this ingenious 
plan of glacial stream diversion was being carried out in June, 1911. 

Col. Swanitz’ plan was (1) to dam the stream at the point where 
it emerges from the glacier and plunges into the marginal gorge, (2) 
to divert it along the present glacier margin for two miles, and (3) 
to send it under the railway at a point in the terainal moraine (q. 
Fig. 3) where there is a high trestle. 


Dertaits oF THE Stream ApDJustMENT.—The Upper Dam.—The 
marginal gorge near the outer edge of the barren zone lends itself to 
the stream diversion (Plate VI, b), for it is a box canyon about ninety 
feet deep and not over twelve or fifteen feet wide. The engineer 
and his men planned to blast down rock from the walls of this canyon 
by one great charge of dynamite and to form a dam which should hold 
in a small lake (a, Fig. 3). A rise of a few feet in the surface of 
this lake would allow the water to overflow along the glacier margin. 
A little work resulted in the clearing out of a channel to accommodate 
this new outlet. The dynamite was transported up to the head of the 
marginal gorge by sled on the glacier surface. 


The Marginal Channel.—The new marginal channel (m-m, Fig. 3) 
was to be about a mile long and had one rock wall and one ice wall 
(Plates II, a, and X, a). A small stream emerged from the glacier 
margin near the lower end of the proposed new channel but there was 
no water flowing along the greater part of the edge of the glacier 
where the new stream was to go. 


The Lower Dam and Lake.—A lower dam was built at the south- 
western terminus of the new marginal channel. This (n, Fig. 3), 
connected the western end of the rocky hill of the barren zone with 
a hillock of gravels underlain by ice and crossed an abandoned stream 
channel which it was necessary to block. This dam was to hold in a 
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shallow lake whose new outlet was to be a short ice channel across 
the margin of the glacier to connect with a natural channel in the 
fosse to the west. This lower dam was constructed of angular rock. 
Col. Swanitz’ ingenuity was displayed in the construction of this 
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Fic. 3.—Sketch map of the Spencer Glacier, showing its relationship to the Alaska 
Northern Railway. Mapped June 25-26, 1911, by the junior author. 


dam. He moved a heavy pile driver three quarters of a mile from 
the railway to a site at the glacier margin, letting the pile driver pull 
itself along on skids laid upon the gravels of the alluvial fan. This 
was done by burying a log some distance ahead of the driver and 
pulling the heavy apparatus up to the log by winding up a steel 
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cable on the drum of the pile driver. The pile driver dragged behind 
it a rude sled with a load of coal. The pile driver was set up at one 
end of the dam and its tower was connected by cable with the rock 
hill upon which a stone quarry had been opened in the rough, glacially- 
plucked granite surface of the barren zone. This cable carried the 
huge blocks of stone to the dam, where small spruce trees were laid 
in the interstices between the stones. By this method the lower dam 
was built in a few days. 


Dyeing a Glacial Stream.—Another evidence of the ingenuity of 
the railway engineer was his method of tracing a glacial stream which 
disappeared beneath the ice just above the lower dam and which was 
thought to be identical with a geyser-like stream which boiled up a 
quarter mile to the southwest in the fosse. 

Col. Swanitz purchased a quantity of red aniline dye which the 
junior author put in the stream where it disappeared beneath the 
glacier (Plate VIII, a), the senior author and Col. Swanitz watching 
for the red color at the geyser-like stream a quarter mile below (Plate 
VIII, b). They were not absolutely certain that the red water was 
recognized, as a barrel rather than a pail full of dye would be better 
for this sort of experiment in a rapidly-moving glacial stream. The 
identity of the stream was established later, however, by sending frag- 
ments of trees through the sub-glacial channel. So far as we know 
no one has previously attempted to trace a subglacial stream by this 
ingenious method. 


The Ice Channel.—The shallow lake, held in by the lower dam 
had to have an outlet for a few hundred yards across the edge of 
the glacier (0, Fig. 3). Accordingly Col. Swanitz set his men to 
work cutting and blasting a channel in the ice. As much as four 
boxes of dynamite were set off at a time in blasting away the glacier, 
a task such as no engineer had probably ever undertaken before. After 
each blast, which hurled fragments of ice and stones hundreds of 
feet into the air, the men set to work with shovels and picks to remove 
the ice loosened by the discharge (Plate IX, a). The abundant water 
from the melting ice carried the ice blocks away after the channel 
assumed form (Plate IX, b), making it unnecessary to throw the 
ice out of the deep channel. The men in the channel had to be relieved 
frequently because they could not stand long in the ice-cold water, 
only a degree or two above the freezing point. 

The authors found this phase of the work of the engineer’s force 
at the ice channel the most interesting, partly because it is quite 
unique. In no other way have we ever before gained such a vivid 
impression of the vast magnitude of a glacier as when we saw and 
heard the explosions of hundreds of pounds of dynamite (Plate IT, a), 
and watched a score of men busily digging away the loosened ice frag- 
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ments, with the sum total of a week’s work a tiny scratch across a 
small part of the front of the glacier. The whole work of man was 
puny in contrast with the vastness of the great ice tongue. Against 
the hundreds of thousands of tons of ice, moving onward slowly but 
resistlessly, man could make but little progress. Yet the ice channel 
was completed and was quite adequate for its purpose. 


The Fosse.—West of the ice channel the fosse between the glacier 
margin and the edge of the gravels required no improvement by man 
(Plate X). It was half a mile long (p-p, Fig. 3), fifteen or twenty 
feet deep, and led nearly to the bridge (q, Fig. 3), by which the cor- 
rected stream was to cross the railway. 


Completion of the Stream Diversion.—All of the work outlined 
above was carried on simultaneously and, when the ice channel and 
the lower dam were completed, the walls at the upper end of the box 
canyon were hurled down in one giant blast and the stream was 
diverted from its old channel and successfully turned into the new 
one during the last week in June, 1911. 


UnroreszEN Factors 1n THe Diversion.—Several unforeseen fac- 
tors came out when the diversion was accomplished,‘ each one, how- 
ever, tending to make the stream adjustment more satisfactory. 

When the rock walls of the box canyon were blasted down the ice 
in the adjacent portion of the glacier was severely shattered and 
broken. Accordingly the stream from the little lake held in by the 
upper rock dam did not flow all of the way along the glacier margin, 
as was anticipated, but disappeared beneath the glacier for eleven 
hundred feet. The lake was quickly drained and at its upper end a 
hole (Plate XI), at least one hundred feet in depth was produced, 
into which all of the drainage of the northern margin of the glacier - 
disappeared. 

The second partly-unforeseen factor was the behavior of the stream 
at the ice channel. Instead of merely flowing in this channel and 
enlarging it laterally as Col. Swanitz anticipated, the stream rapidly 
cut down until it broke into the subglacial channel whose course we 
had traced with the dye, forming an ice canyon fifty-five feet deep 
which was rapidly enlarged by the stream (Plate XII). Six hundred 
feet of the channel was subglacial and the rest was a great open canyon 
in the ice. Col. Swanitz assisted nature with dynamite where it 
seemed desirable, but left most of the lower subglacial channel leading 
to the fosse, not thinking it necessary to unroof it since it carried 
away ice blocks as large as a small cabin without being blocked. 

Between the last of June and the first of November, 1911, four 
hundred and fifty feet of the roof of this subglacial section of the 

*We ourselves did not see all of these but were informed concerning them by 
later correspondence with Col. Swanitz. 
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stream was removed by erosion and melting, leaving only one hundred 
and fifty feet of roofed channelway. The larger portion of the ice 
channel, which was superposed upon the original subglacial channel, 
was cut down to bedrock, forming an ice canyon forty to sixty feet deep. 

The new channel crosses the railway under a two hundred and 
sixty foot bridge in a single stream une hundred and sixty-five feet 
wide, five to ten feet deep, with a velocity of eight miles an hour and 
seemed to be deepening rather than filling its channel throughout the 
summer of 1911. The channel was deepened two feet from July to 
November. 


PERMANENCY OF THE StrEAM ADJUsTMENT.—Up to November 1, 
1911, the diversion of the glacial stream was a thorough success. It 
is impossible to say how many years such an adjustment of heavily 
loaded glacial drainage may continue, but we see no reason to suspect 
that it should not continue as long as the glacier is in a stage of rela- 
tively-slow forward motion, accompanied by recession of the margin by 
melting. It is certain that the accelerated rate of recession of the ice 
edge, which this interference by man will produce, will also bring 
about the supply of much more water than normal during the summer 
months. This should result in erosion rather than aggradation by 
the glacial stream, provided it is deeply enough entrenched in its new 
course so that it cannot escape over the surface of the outwash gravels 
or break out in a new subglacial course at some point in the portion of 
the outwash fan still underlain by ice. 

Col. Swanitz states that the Spencer Glacier retreated markedly in 
the summer of 1912, that the subglacial channel choked up in August, 
1912, but that the stream broke out a new and lower outlet. 

Great credit is due Col. Swanitz for his brilliant campaign against 
this glacial stream. Costing far less than the unsuccessful diversion 
by the dikes, it takes advantage of a series of naturally favorable con- 
ditions which a less gifted engineer might not have been able to 
utilize. It is to be hoped that this shifting of the glacial drainage 
may remain established for many years to come. 


PossiBLE ImpRovEMENT oF Rartway Location.—Many of the 
difficulties in connection with the grade of the Alaska Northern Rail- 
way upon the alluvial fan of Spencer Glacier might have been avoided 
by crossing the streams a little to the north and farther from the 
glacier, where aggradation is less rapid and where the interference 
with stream flow by the piles and bents of the bridges would be less 
liable to result in upbuilding by the streams. Col. Swanitz informed 
us in 1911 that it would be possible to relocate the whole section of 
railway near Spencer Glacier by descending from the hanging valley 
in a new grade on the western valley wall. This would not only avoid 
the worst glacial streams but would take the railway out of reach of 
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an advance of Spencer Glacier (a) in the present precarious course 
over the terminal moraine (Fig. 3) and (b) in the section through 
the northernmost tunnels which extend within the barren zone. 

The loop, spiral trestle, and tunnel near Bartlett Glacier on the pass 
are also in a very dangerous proximity to a glacier, and as the grades 
at the pass are very steep and the snow slide problem a bad one it 
may eventually be desirable to relocate the pass section of the railway 
near Bartlett Glacier, as well as that near Spencer Glacier. 

If the expense of these two relocations is ever considered, it may 
eventually seem desirable to take up a new route for the Alaska North- 
ern between Turnagain Arm and the Pacific Ocean. In this con- 
nection the following considerations are of importance. 

The railway route is unusual in two respects (Fig. 1). It leaves 
tidewater and traverses the whole length of the Kenai Peninsula, 
crossing two passes and reaching tidewater again at the head of the 
Turnagain Arm of Cook Inlet. The reason that the seaport Seward 
is utilized rather than some harbor on Cook Inlet itself, is involved 
with the swift tides, the storms, and especially the winter condition 
of ice-covered sea in Cook Inlet. Accordingly, although it is over 
one hundred miles farther to the Seward terminal, this harbor is used 
because it is free from sea ice the year round. 

The second respect in which the Alaska Northern railway is unusual 
is that the present, long, mountainous line to the Seward seaport was 
built at a cost of about $5,000,000,5 rather than a much shorter line 
from the head of Turnagain Arm to a good harbor on Passage Canal 
in Prince William Sound (Fig. 1). This would have saved over 
fifty miles of railway but would have involved one expensive tunnel. 
The pass which leads from Turnagain Arm to Prince William Sound 
is now occupied by a glacier which advanced and filled this pass some 
time between 1794 and 1880.° If before 1794 a railway had been 
built through this ice-free pass, which rises only slightly above sea 
level, it would have been covered by over one thousand feet of ice in 
the subsequent advance of the Portage Glacier, which now occupies 
the pass. 

Another short line for a railway between these same points, by a 
slightly longer route from Passage Canal through a valley not occupied 
by glaciers,’ has many advantages and certain disadvantages in con- 

* Brooks, A. H., Railway Routes in Alaska, Nat. Geog. Mag., Vol. XVIII, 1907, 
p- 185; Bull. 442, U. S. Geol. Survey, 1910, pp. 29-30. 

*Martin, Lawrence, Jour. Geol., Vol. XIX, 1911, p. 458. 

7 See report on the longer of the two short routes from Passage Canal. E. F. 
Glenn, Reports of Explorations in the Territory of Alaska, 1898, War Dep’t., 
Adj. Gen. Office, No. XXV, 1899, pp. 103-104; 


Luther 8. Kelly, Ibid, pp. 289-293; 
J. 8. Herron, Explorations in Alaska, 1899, War Dept., Adj. Gen. Office, No. 


XXXI, 1901, pp. 11-17. 
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nection with snow slides and with the glacial streams which flow 
through the valley. 

We feel certain that, including the cost of the long tunnel, a railway 
only eleven or twelve miles long and practically at sea level could 
have been built from Passage Canal to Turnagain Arm for much less 
than the $5,000,000 used in the construction of sixty-five miles of 
railway from Seward to Turnagain Arm. This would have resulted 
in a marked saving of grades, a saving of distance, and an elimina- 
tion of nearly all of the glacier complications which still threaten the 
Alaska Northern Railway. If the government does purchase and 
extend this railway it may still be cheaper to adopt the Passage Canal 
terminal, as could possibly be done with the shortest route and the 
longest necessary tunnel for less than $2,000,000. 

The harbor in Passage Canal was shown by soundings taken by the 
junior author in 1910 to be quite as good for ocean steamships as 
Resurrection Bay, upon which Seward is located. Practically no ice- 
bergs float into Passage Canal or Prince William Sound from Port 
Wells. The possible disadvantage in this respect could never be as 
great as that which will come to Seward if the Bear Glacier (Fig. 
1), at the mouth of Resurrection Bay on the western side, advances 
a quarter to a half mile and sends floating icebergs into the path of 
the ocean steamships there. The maximum possible activity of the 
glaciers tributary to Passage Canal and to the head of Turnagain 
Arm could never be such a menace to the building and maintenance 
of a railway, as are the Spencer and Bartlett Glaciers on the Alaska 
Northern Railway, particularly if the railway were protected by a 
tunnel in the critical area of snow slides and glaciers near Passage 
Canal. The Bartlett Glacier, though now inactive, could, by a very 
moderate advance, completely block the northern pass across the Kenai 
Mountains. Indeed, the railway goes so close to the glacier that even 
the slightest of advances will do great damage. The Spencer Glacier 
constitutes an even greater danger to the railway, as has been described 
on the preceding pages. 


Oruer Stream Comprications 1n ALaska.—That the 
foregoing is not a unique case of man’s struggle with glacial streams 
is indicated by the following specific cases from other parts of Alaska. 
At the town of Valdez, where a glacial stream has several times done 
considerable damage to property, dikes of piling have only resulted 
in temporary relief. The latest of these raids by the glacial stream 
came in the summer of 1911. At Castner Glacier, in the Delta Pass 
across the Alaska Range, traffic was interrupted at the time of our 

* Although each of these officers except Mr. Kelly reported adversely on this 
for a government mail route it is well worth considering for a railway with a 


tunnel, though to our mind not as good as the shorter direct route, with a tunnel 
in the mountain wall immediately north of Portage Glacier. 
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visit in the summer of 1911 because the powerful glacial stream 
shifted out from under a government bridge. At Kennicott Glacier 
during the same summer several piles were removed from a railway 
bridge by a swift glacial stream, a common experience along the 
Copper River. 

Certainly the engineers of the Alaska Northern Railway have now 
acquired a knowledge of and a respect for glacial streams, as have 
many others in Alaska. Nevertheless, the respect is not yet adequate. 
We have never seen mention, for example, that there are grave, glacial 
stream problems in connection with the proposed railway from Con- 
troller Bay to the Bering River coal field. The many streams from 
the great Bering Glacier, a piedmont ice tongue nearly as large as 
the Malaspina, might make this route entirely impracticable for a 
railway. We ourselves should regard the glacial stream problem at 
Controller Bay as a factor not inferior to the harbor problem. We 
should feel gratified if the publication of this paper would prevent 
the building of any more railways or roads in Alaska before adequate 
consideration is given to the adjacent glaciers and the glacial streams. 
Because the Copper River and Northwestern Railway, for example, 
has not yet had grave difficulties with the streams of the Sheridan, 
Allen, Heney, and Kennicott Glaciers there is no assurance that the 
next year or two may not bring forth railway problems as grave as 
those which the Alaska Northern has had to cope with at Spencer 
Glacier, where the railway engineer so skillfully accomplished the 
diversion of the glacial stream described in this paper. 
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THE LOCAL DISTRIBUTION OF THE REPTILE-AMPHIBIAN 
FAUNA IN SOUTHERN VERA CRUZ AND ITS 
BEARING ON THE ORIGIN OF THE 


SAVANNAHS 
ALEXANDER G. RUTHVEN 
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STaTEMENT OF THE ProsieM.—Several explanations have been 
given for the grass-land areas, or savannahs, in Middle America. Most 
of these explanations are based on natural conditions, such as climate, 
soil, etc., but O. F. Cook’ has recently asserted that such areas have 
been artificially cleared by the methods of agriculture practiced by 
the natives and kept so by burning. Cook gives several kinds of evi- 
dence to support his assertions, most of them having to do with re- 
forestation. 

Another line of evidence may throw light on the problem. If the 
grassland areas are natural they are also, with little doubt, old and 
should, it would seem, have a characteristic fauna. If they have 
been deforested in relatively recent times they should have an im- 
poverished fauna. In 1910, the writer made a study of the reptile- 
amphibian fauna of an area in southern Vera Cruz, in the course of 
which information was obtained on this subject.” 


GeneraL DescriPTION oF THE Recion.—The region investigated 
was the low plain at the foot of the San Andreas Tuxtla Range, 
in the canton of Acayucan. The country lying between the San Juan 
River and the San Andreas Tuxtla Mountains, at the Hacienda de 
Cuatotolapam, which received most of our attention, is a low, gently 
rolling plain. According to Mr. H. B. Reese, Assistant Chief Engi- 
neer of Construction of the National Railroad of Mexico, the elevation 
of the banks of the San Juan River at the proposed crossing near 

Cook, O. F., Vegetation Affected by Agriculture in Central America. Bull. 
145, U. 8. Dept. of Agric., Bur. Plant Industry, p. 8. 

* For a detailed report upon the reptiles and amphibians see Zool. Jahrb., XXXII, 


Abt. f. Syst., pp. 295-332. 
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the hacienda is fifteen meters. The most conspicuous elevations on 
this plain are the groups of Indian mounds along the streams. 

The streams traversing the region, Arroya Negra, La Laja Creek, 
Hueyapam and San Juan Rivers, are tributaries of the last named 
river. These streams all have a low gradient soon after leaving the 
mountains, and flow rather sluggishly through a bed of debris. Owing 
to the level nature of the topography the drainage is rather poor. 
On the higher ground there are numerous shallow ponds, some of 
which are doubtless dry except during the rainy season. They were 
all filled with water during the summer. The ponds are mostly small, 
and apparently not usually over a meter in depth. 

East of the flood plain of the Hueyapam River the land rises 
rapidly to the foot hills of the mountains. In the heart of the range 
lies the Laguna de Catemaco, one of the few large lakes in the Republic. 


Crirmate.—The region lies within the tierra caliente of Hann, and 
Calvert’s® zone III, the zone characterized by a mean annual tempera- 
ture of 68°-77° F. The nearest stations where meteorological observa- 
tions have been made are San Juan Evangelista (88m) and Acayucan 
(158m). According to the table given by Calvert, the mean annual 
temperature for a period of five years is, for the former 74.3° and 
for the latter 76.1°. It is safe to conclude that the mean annual 
temperature of Cuatotolapam is very close to 75°. This places the 
region climatologically (cf. Calvert’s map) very near to zone IT and 
it might be considered to be intermediate between this zone and 
zone III. According to the residents, the hottest months are April 
and May, and the coldest January and February. We recorded the 
temperatures for forty days at Cuatotolapam (July 10 to August 18), 
and these may be summarized as follows: highest 94°, on August 4; 
average maximum 89.4° ; lowest 61.5°, on July 22; average minimum 
71.6°; greatest daily range 28.5°, on July 22; average daily range 
17.7". 

It will be seen from these data that the summer temperature is 
not excessively high, and that the daily range and the variation from 
day to day are relatively small. 

There are two well marked seasons,—the wet season from July to 
October inclusive and the dry from November to June. We were 
informed that it rarely rains at all from January to the middle of 
the year. The greatest rainfall is in the month of September. In 
1910 it rained on twenty-seven of the forty days between July 10 
and August 18, and owing to the poor drainage the streams became 
greatly swollen, the water accumulated everywhere between the low 
elevations, and there were numerous ponds on the savannahs, conditions 


that probably characterize each rainy season. 


*Calvert, Philip P., Proc. Acad. Nat. Sci. Phila., 1908, pp. 473-478, Pl. XXVI. 
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VecETATION AND Hasirats.—The re,sion supports the savannah 
type of forest and grassland described by Schimper (Plant Geography) 
and Schomburgk (Reise an Britisch-Guiana, Theil III). Along the 
streams there is a luxuriant forest growth, characterized by large trees 
and an abundance of lianes and epiphytes (Plates XIII, a, and XIV). 
On the higher ground this forest is replaced by grassy savannahs dotted 
with groves of stunted trees (Plate XV). These groves vary in size 
from a few trees to thickets several acres in extent, the trees when 
solitary showing the umbrella form described by Schimper (Plate 
XV, b). 

From the standpoint of the amphibians and reptiles seven major 
habitats may be recognized in the region studied. 


Lowland Forests——The dense jungle that naturally occupies the 
law ground. The trees are large and form a dense shade (Plates 
XIII, a, and XIV). 


Lowland Forest Clearings.—These are the grass-grown or thicket- 
covered areas that have resulted from the clearing of the lowland 
forests. The cultivated fields are included here (Plates XIII, b, and 
XVI). 


Lowland Forest Ponds.—The pools that occur throughout the 
jungles during the rainy season. 

Rivers and Lakes.—All of the streams—San Juan, Hueyapam 
La Laja, and Arroya Negra—are included here. The animals con- 
sidered characteristic of these bodies of water are both aquatic and 
semi-aquatic forms (See table, pages 44-45). 


Savannah Forests and Thickets—The areas of woodland on the 
higher parts of the plain. These may consist of rather extensive for- 
ests or be limited to a few trees or to areas covered with low bushes 
(Plate XV, b). 


Savannah Grassland.—The grass-covered areas on the higher parts 
of the plain, and surrounding the patches of savannah forest. Where 
studied, the grass was kept short by grazing (Plate XV). 


Savannah Ponds.—Numerous shallow ponds dot the savannah, and 
these all contain water during the rainy season. The largest pond 
investigated was the Laguna de Chacalapa which is roughly a mile 
long by one-half mile wide and less than a meter in depth everywhere 
except where a ditch has been dug at one end. 


Locat DistrisuTion or aNp AMPHIBIANS.—The local 


distribution of the species is given in tabular form and may be sum- 
marized as follows: 


1. Of the thirty-two species only five—two terrestrial and three 
amphibious—are found on the grassland proper. Two of these are 
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annah Habitats 
Distribution Sav 
Grassland Ponds Woods 
(2 common) 
1 (infrequent) > 4) (1 infrequent) 
Common to (1 rare) 
savannah and 
forests or 
rivers and 
-lakes 
1 (rather common)— — —- ----- 
Total 4 6 7 
Peculiar to 1 (infrequent)- ------ 
one habitat 
Total 1 1 2 
Number of 
different 
species in 
each habitat 
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== Distribution of Different Species in Total Number of 
Habits Forest and River and Lake Habitats Different Species 
0 cleared 
Arboreal or arboreal 5 neues 
and amphibious 
0 rivers and lakes 


2 cleared 
Terrestrial: uncleared 


0 rivers and lakes 
4 cleared 
Amphibious or 
amphibious and 1 ncleared 
terrestrial 
0 rivers and lakes 
cleared 
Aquatic 0 unc]eared 
1 —Lommnon. rivers and lakes 


12=11 in forest and 1 in rivers and lakes 


Arboreal or arboreal 
and amphibious 
Terrestrial 
ibious or 
in forest in rivers and lakes 


amphibious and 
terrestrial 


Aquatic 
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infrequent and three are rare (one being found nowhere else), and 
four are shared with the lowland forest. Seven species—six amphibi- 
ous and one aquatic—are found about the ponds, but only one is rather 
common, while four are infrequent and two are rare (one not being 
found elsewhere), and five are also found in the forest and one in the 
rivers and lakes. Considering these two habitats together, as they 
can not easily be separated, there are nine species—two terrestrial, 
six amphibious and one aquatic—only one of which is fairly common, 
while five are infrequent and two are rare, and seven of these are 
shared with the forest and one with the rivers and lakes, two being 
peculiar. 

2. The savannah woods and thickets have nine—two arboreal, six 
terrestrial and one amphibious—of the thirty-two species. Only four 
of these can be called common, while two are infrequent and three are 
rare. Seven species are shared with the forest, two of these also with 
the grass-land, and two are peculiar. 

3. Twenty-eight species—six arboreal or arboreal and amphibious, 
eight terrestrial, six amphibious or amphibious and terrestrial, and 
eight aquatic—occur in the lowland forests and rivers and lakes. 
Sixteen of these are not found on the savannah, and the twelve that 
are shared with the savannah habitats are all common here. 

Before discussing the results shown by this table its probable in- 
completeness should be pointed out. In the first place, it goes without 
saying that there are more species in the fauna than the thirty-two 
given. This will affect the general results but little, however, for 
it is believed that very few of these will be found on the savannah. 
It is also very probable that some of the forest forms other than 
those indicated will on further investigation be found on the savannah, 
but this will also have little effect on the general conclusions, for the 
fauna was studied carefully, and if other forms occur on the savannah 
it is but rarely, they will be more numerous in the woodland, and 
their occurrence will be offset by the fact that three of the four forms 
only found on the savannah will with little doubt also be found in 
the forest. Again, one may safely predict from their habits that all 
of the forms of the grassland will be found in the savannah woodland 
and in greater abundance. It is thus believed that further work will 
not disturb the general relations indicated by the data obtained, and 
which may be expressed as follows: 

1. The reptileamphibian fauna of the savannah grassland is very 
meager both in species and individuals, and consists principally of 
amphibious forms (and aquatic if the abundance of the one pond 
species, crocodile, is considered) which are more numerous about the 
ponds. Only two strictly terrestrial forms were observed in this habitat 
and these were infrequent. 

2. The savannah woodland has a more extensive fauna than the 
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grassland, having as many species and many more individuals than 
the grassland and ponds together, and the increase is due to the addi- 
tion of terrestrial and arboreal forms from the forest. It probably 
has all of the amphibious species found on the grassland, so that a 
complete census will show more species than on the grassland and 
in the ponds together. 

3. The forests and rivers and lakes have three-fourths and prob- 
ably all of the species found on the savannah (woods, ponds and 
grassland) besides a relatively very large number of peculiar forms. 

Conciusions.—The distribution of the reptiles and amphibians as 
just summarized may be interpreted as follows: There are two groups 
of natural habitats in the region—the forest and the rivers and lakes. 
To these have been added the lowland clearings and the higher clear- 
ings now known as savannah grassland, and so recently that no char- 
acteristic fauna has developed. When the lower lands are cleared 
many of the ground and semi-aquatic forms persist; the former in the 
rank grass or in the cultivated fields, the latter in the ponds. If the 
land is higher and extensively cleared and grazed some of the ground 
forms may still linger in diminished numbers in the savannah groves 
that were not destroyed or have reformed and many of the amphibious 
and aquatic species also in small numbers in or about the ponds; but 
the grassland areas constitute conditions so different from those to 
which even the ground forms from the forest are accustomed that very 
few forest species persist and these only in very small numbers, 
while the land has not been cleared long enough for the development 
of a prairie fauna. 

The apparent recentness of the grassland makes it probable that 
‘the clearing has been done by man, but the faunal data do not of 
course throw light on this point. However, as Cook* says, “ To invoke 
other than the human agencies to account for the present lack of 
forests in many parts of Central America is superfluous, for the 
destructive abilities of the Indians are everywhere in evidence. Re- 
forestation is everywhere going on, but the Indians are also busy 
cutting down and burning the woody vegetation. If the burning over 
of the land were limited to areas ready for planting the general 
results would be far less disastrous, but the fires are usually allowed 
to spread wherever there is fuel to carry them, and large tracts of 
land are thus kept in a permanently barren condition.” Fires are not, 
however, the only factor in maintaining the grassland. When once 
deforested the land, at least in southern Vera Cruz, is excellent for 
grazing purposes, and thousands of cattle now roam over the savannah 
and have done so for many years. 

Finally, it should be pointed out that this paper discusses the con- 
ditions of a single restricted area. It is possible that the so-called 

*Cook, O. C., loc. cit. p. 8. 
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savannahs of Middle America have not had a common origin. The 
principal object of this paper is to point out the peculiar distribution 
of the reptileamphibian fauna and the fact that this can be easily 
explained on the theory that the savannah is of recent origin. 
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IntropucTion.—A seismogram, when properly interpreted, allows 
of the determination of the seat of the earthquake whose tremors it 
has recorded. The elements required in this determination are the 
direction and the distance of the earthquake from the given seismo- 
logical station. These elements are best expressed graphically, viz., 
on a map of the world showing azimuth lines radiating from, and 
circles of distance drawn about, the given station as their center. The 
main requirement of such a map being that it indicate any azimuth 
from a given point, a projection belonging to the group of azimuthal 
projections should be used. The stereographic projection will be found 
to be the best. 


Necessity For Investigation: Previous Worx.—Attention is 
called to this fact because seismologists have often followed the example 
set by Grablovitz in his maps of the world showing azimuth and dis- 


*It becomes increasingly apparent that, contrary to former belief (cf. A. Sieberg: 
Handbuch der Erdbebenkunde, 1904, pp. 292 and 300), the registrations of a 
single station are sufficient for the determination of the epicenter. Cf. B. Galit- 
zine: Sur la détermination de l’épicentre d’un tremblement de terre d’aprés les 
données d’une seule station sismique, Comptes Rendus de 1’Acad. des Sciences, 
Vol. 150, 1910, pp. 642-644, 816-819; and paper on the same subject by the same 
author in the Comptes Rendus des Séances de la Troisiéme Réunion de la Comm. 
Permanente de 1’Assoc. Internat. de Sismologie, Zermatt, Aug. 30-Sept. 2, 1909; 
also W. Schweydar: Bestimmung des Azimuts des Erdbebenherbes an den Regis- 
trierungen auf einer Station, Petermanns Mitteilungen, Vol. 57, II, 1911, pp. 326-327. 
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tance from various stations on Mercator’s projection.* The maps re- 
cently published by von Miiller* and Nakamura‘ are instances of this. 
The inappropriateness of Mercator’s projection for this purpose has 
been dwelt upon by de Kévesligethy,° but his words seem to have been 
little heeded. Well aware of the necessity of selecting an azimuthal 
projection de Kévesligethy suggested the use of the equidistant pro- 
jection of this group, often styled Postel’s projection. This choice is 
entirely correct in principle and reveals a far greater appreciation of 
the requirements of the problem. Nevertheless, Postel’s projection is, 
for practical reasons, not as well adapted to the purpose under con- 
sideration as is the stereographic projection, as will be shown later. 
For the present the inappropriateness of Mercator’s projection will be 
considered. 


STaTEMENT OF PrositEM.—The problem is this: to superimpose 
upon the existing geographic coordinates of the globe a new system 
of spherical coordinates having the given seismological station and its 
antipodal point as its poles. In this system the meridians are repre- 
sented by the azimuth lines, the parallels by the circles of distance. 
For convenience azimuth lines coinciding with every two points of 
the compass (intercepting, therefore, angles of 2214° each) are 
usually selected together with circles of distance whose spherical radii 
are 9° or multiples thereof, because of the practical equivalence of 9° 
and 1000 kilometers. 


Sotution By Means oF Mercaror’s Prosection.—In order to 
represent this system of coordinates on a map of the world on Mer- 
cator’s projection one must determine the position, expressed in terms 
of geographic coordinates, of the intersections of the azimuth lines with 
the circles of distance. This involves, for the number of coordinates 
referred to above, not less than seventy’ distinct calculations by the 


2e. g. G. Grablovitz: Weltkarte der Azimute und der Entfernungen fiir Laibach, 
Die Erdbebenwarte, Vol. 4, 1904-05, p. 171, Laibach [Carinthia], 1905. Similar 
map for Rome in the Boll. della Soc. Sismologica Italiana, Vol. 7, 1901-02, opp. 
p- 226. 

*Lange und Richtung der Luftlinien von Stuttgart aus in Mercatorprojektion 
[equatorial scale 1:75,000,000] berechnet und gezeichnet von A. v. Miiller, Regier- 
ungs-Baumeister. Accompanies, as Tafel 43, note by same author, Petermanns 
Mitteilungen, Vol. 56, Il, 1910, pp. 263-264. 

* Azimuth and Distance from Tokyo. [Mercator’s projection: equatorial scale 
1:100,000,000]. Accompanies, as Plate XV, ‘‘On a Map Showing the Azimuth 
and Distance from Tokyo’’ by 8S. Nakamura, Journ. of Geogr. (Tokyo), Vol. 23, 
1911, pp. 327-330. (Fig. 1 is a tracing of this map.) 

*R. de Kévesligethy: La meilleure mappemonde sismique, Comptes Rendus de 
la Réunion de 1’ Assoc. Internat, de Sismologie, The Hague, Sept. 21-25, 1907, p. 147. 

*There are 320 points of intersection in all. Because of the fact that the 
meridian of the earthquake station and the E-W line are axes of symmetry, the 
remaining 250 pointe of intersection can be deduced by analogy without further 
ealeulation. 
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use of Napier’s Analogies.’ As the accompanying diagram (Fig. 1) 
shows, the curves resulting from joining these intersections are, due 
to the principle underlying the construction of Mercator’s projection, 
far from simple: the circles of distance assume the form of ellipses 
which gradually grow larger as they extend outwards from their re- 
spective common foci until they open up into transitional parabolic 
curves, while the azimuth lines become irregular curves joining the 
earthquake station with its antipodal point. 

Sotution By Means or THE SrerEocraPHic Prosection.—To 
represent the required system of coordinates on the stereographic pro- 
jection it is merely necessary to construct a map of the world on this 
projection. On it the azimuth lines and circles of distance resolve 
themselves into the fundamental net-work of all azimuthal projections 
and (Plate XVII) assume the form, respectively, of straight lines 
radiating from, and concentric circles drawn about, the earthquake 
station and its antipodal point as their respective common centers. 


Comparison oF Born Prosxections: (a) as to Construction.— 
The main difference, then, between the two solutions of the problem 
is that the new system of coordinates in the one case has to be calcu- 
lated while in the other it is constructed.* The former procedure is 
far more lengthy and tedious than the latter, although using the 
stereographic projection involves the construction of the projection 
in its entirety, while maps of the world on Mercator’s projection, on 
which the azimuth lines and circles of distance can be plotted, are 
usually available in printed form—the main reason for their general 
use. The stereographic projection, however, is not difficult of construc- 
tion. Its meridians and parallels consist of arcs of circles. Further- 
more it is one of the few azimuthal projections that can be drawn prac- 
tically without any previous calculation. No reference can here be 
made to its construction ; details can be found in any standard treatise 
on projections.* 

(b) as to Inherent Appropriateness.—But, even if it were easier 
to plot the superimposed system of coordinates on Mercator’s pro- 
jection than to construct a stereographic projection, the stereographic 
projection should be chosen nevertheless because of its greater inherent 
appropriateness. On it, in view of the fact that, as already men- 
tioned, the azimuth lines are straight lines diverging from a common 

"Tables, in part incomplete, given in the papers by Grablovitz, v. Mliller and 
Nakamura, cited above. 

*The net-work of the stereographie projection can, of course, also be computed. 
That it can be constructed geometrically is due to the fact that this projection 
also belongs to the group of perspective projections. 

*¢. g. Leitfaden der Kartenentwurfslehbre by K. Zéppritz and A. Bludau, Part I, 
third edition, Leipzig, 1912, pp. 67-72 and 92-97, or kartenkunde by E. Gelcich, 
F. Sauter and P. Dinse, third edition revised by M. Groll, Leipzig, 1909, pp. 37-54. 
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center, any given azimuth can directly be laid off by means of a pro- 
tractor while on Mercator’s projection interpolation between the 
different azimuth lines is, in general, very difficult and, on account 
of the distortion, practically impossible within 2214° of the N-S line, 
as will be apparent by referring to Fig. 1. Furthermore the usual 
maps of the world on Mercator’s projection do not represent the Polar 
Regions, a decided lack because of the seismic importance of the Ant- 
arctic Continent with its active voleanoes Erebus and Terror and 
because of the probable continuation in it of the Andean geanticline. 


Sotution By Means or Postet’s ProsectTion: CoMPaRIsON WITH 
tHE STeREocRaPHIC ProsectTion.—Referring now to Postel’s pro- 
jection, the use of which was advocated by de Kévesligethy, it will 
be remembered that its use was stated to be entirely correct in prin- 
ciple. It, too, belongs to the group of azimuthal projections. In this 
group it is the representative of the property of equidistance while the 
stereographic projection is that of equiangularity (orthomorphism). 
On it, therefore, the circles of distance are drawn with radii of proper 
proportional length, and distances from the earthquake station can 
be directly laid off on it. On the stereographic projection, due to the 
principle underlying its construction, the circles of distance are not 
drawn thus, the interval, for instance, between the 9,000 and the 
10,000 kilometer circles being twice as large as that between the 
station and the 1,000 kilometer circle. On this projection, there- 
fore, distances cannot be laid off directly. However, the necessary 
interpolation is not difficult as, for all practical purposes, the radial 
distance between two consecutive circles can be considered a unit and 
proportional interpolation used. In addition to the advantage just 
mentioned, Postel’s projection, in common with the stereographie pro- 
jection, allows of the direct laying off of azimuth angles, for, although 
its character as an equidistant projection excludes its being at the same 
time equiangular as a whole, it possesses this property for the only 
point for which it is required in the present problem, viz., its central 
point, so that from this point any azimuth can be laid off. 

In contrast with these points in its favor Postel’s projection has 
the disadvantage of not being easy of construction. Not only does 
it not lend itself to being drawn without the aid of calculation, but 
on it meridians and parallels are not, as they are on the stereographic 
projection, arcs of circles but arcs of ellipses, which are more difficult 
to draw.*® All things being considered, therefore (including the rela- 

* A graphic comparison of the stereographic with Postel’s projection is afforded 
by the diagram of a hemisphere drawn to the same scale on the equivalent (Lam- 
bert’s), the equiangular (stereographic) and the equidistant (Postel’s) azimuthal 
projection superimposed upon each other, which accompanies ‘‘Zur Abbildung der 
Halbkugeln” by A. Bludau, Zeitschr. der Gesell. fiir Erdkunke ew Berlin, Vol. 30, 
1895, pp. 406-416. 
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tive unimportance in this case of the fact that the stereographic pro- 
jection is not equidistant), it cannot but be said that the stereographic 
projection affords the best solution of the problem. 


Sotution By Means or Wire Spuericat Coorpinates Over a 
Guiose.—In conclusion attention may be called to the fact that a 
“laboratory ” solution, as it were, of the problem under discussion 
would be possible by constructing out of wire a system of spherical 
coordinates, of the intervals previously mentioned, which could be fitted 
snugly over a globe. If its poles were fixed on the globe at the posi- 
tions of the earthquake station and of its antipodal point this simple 
device could serve as a permanent,means of determining the location 
of any earthquake from a given station. 


Summary.—The problem of determining the seats of earthquakes 
by means of seismograms, then, allows of various solutions. Aside 
from the “ laboratory ” method of using a wire system of coordinates 
fitted to a globe three graphical solutions have been discussed. The 
use of Mercator’s projection, while involving no difficulties of con- 
struction because usually available in printed form, is totally inappro- 
priate; Postel’s projection, while affording a solution entirely correct 
in principle, requires calculation for its construction and is not easy 
to draw. The stereographic projection, even with the slight disad- 
vantage of not having equidistant azimuth lines, is otherwise correct 
in principle, requires no fundamental calculations for its construction 
and is easy to draw. 


ADDENDUM TO Notes 2 to 5. Attention should also be called to several papers 
published, in part, since the above was written, which offer two other solutions 
of the present problem. These are: (a) by O. Klotz: (1) Earthquake Epicentres, 
Journ. Roy. Astron. Soc. of Canada, Vol. 4, 1910, pp. 172-178; (2) id., Bull. 
BSeismol. Soc. of Amer., Vol. 1, 1911, pp. 143-148; (3) id., Appendix No. 1, Report 
of the Chief Astronomer, 1910, pp. 44-48 (Dept. of the Interior, Ottawa, 1912) ; 
(4) Uber die stereographische Methode zur Herdbestimmung von Erdbeben, 
Beitrige zur Geophysik, Vol. 11, 1912, pp. 501-514; (5) Stereographic Projection 
Tables, Journ. Roy. Astron, Soc. of Canada, Vol. 5, 1911, pp. 205-215; and (b) 
by G. W. Walker: Graphical Construction for the Epicentre of an Earthquake, 
Geophysical Memoirs, Vol. 1, Part 1, 1911, pp. 53-54 (Meteorol. Office, London, 
1912). 

Klotz’s method (developed in his papers 1, 2, 3 and 4, above: tables in 4 and 
5) presupposes a knowledge of the distance of an earthquake from at least 
three stations; Walker’s that of the distance and the azimuth from a single 
station only. Both Klotz’s and Walker’s methods make use of the principle of 
the stereographic projection, not, however, to construct a map, but as the basis for 
a graphical solution of the -aleulations involved. They differ from the present 
method in that they must be separately applied for each new determination, 
while the map, once constructed for a given station, represents a permanent 
solution for all determinations from that station. 
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Genera Intropuction.—In a paper read before this society four 
years ago, it was pointed out that only two of the twenty-four chief 
lines of manufacturing in the State of New Jersey used, to any con- 
siderable extent, raw materials produced within the State. To such 
a condition, the State of Wisconsin presents a striking contrast. Taken 
together the two states illustrate how the manufactmes of a region 
increase in diversity, and in their independence of local raw materials, 
with the development of the region. Also that geographical influences 
themselves undergo a progressive change, and that factors which exert 
a strong influence at one stage of a region’s development may lose 
their significance later. 


Aericutture anp Datryine.—Only one-third of the land of Wis- 
consin is actually improved. One-half of the land is more or less 
wooded. In ten northern counties an average of only one-tenth is in 
farms (1910). Some millions of acres are cut-over and burned-over 
timber lands, awaiting development. The best farming region is in 
the south and southeast on the glacial and residual limestone land 
which sells at from one hundred to two hundred dollars an acre. 

The most conspicuous agricultural development is dairying. As a 
producer of milk, Wisconsin now leads all the states.* Cheese fac- 
tories and creameries have passed three thousand in number. 

A study of this industry reveals the following facts: 

*January 1, 1912, Wisconsin was credited by the United States Government 


report with 1,504,000 milch cows, and New York with 1,495,000. 
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1. That there are few cheese factories or creameries in the northern 
part of the State, due to the lack of development of this region. 

2. That cheese factories are lacking and creameries are few in 
seven counties in the central portion of the State, due to the sandy 
soil, unfavorable to the growth of grass and hay. 

3. That practically all the three thousand cheese factories and 
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creameries are on residual clay or glacial clay loam whose water 
retaining capacity favors pastures and meadows. 

4. That the creameries occupy the corn belt; that creameries are 
@ response to winter as well as summer dairying; that corn in the 
form of ensilage is the economical winter feed for cows, and that the 
corn belt closely coincides with the region of 150 days growing 
season, and that in this belt cheese factories are unable to meet the 
competition of butter factories. 
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5. That the cheese factories almost monopolize a region near Lake 
Michigan and another in the rougher and higher lands of the west- 
southwest ; for cheese-making is a response to summer dairying, pros- 
pers where the weather—especially the nights—are cool. and hence 
where corn growing is less important. 

6. That there are few cheese factories in Wisconsin south of the 
mean summer isotherm of 70°. 


‘ GHEESE FACTORIES. 
WISOONSIN. JANUARY 1910 
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7. That Wisconsin is the main center for the making of Swiss 
cheese, chiefly produced in the Swiss settlements in the southern part 
of the State; that Swiss cheese is more sensitive to soil and climate 
than any other kind; that the Swiss factories are on land of nine hun- 
dred to one thousand feet in altitude; that 95% of the two hundred 
and seventy-five factories are on limestone land, and that 90% of the 
one hundred and six factories making Limburger cheese are grouped 
in the low valleys on sandstone land. 
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8. That northern Wisconsin, with clay loam soil and cool climate, 
promises to develop into another great cheese-making section. 

9. That Wisconsin’s dairy products now amount to eighty million 
dollars annually, have doubled in ten years and are greater than those 
of New York, heretofore the leader. 


PERIOR 
CREAMERIES, SKIMMING STATIONS 
AND CONDENSERIES 


WISCONSIN, JANUARY 1910 
Mics, Gay 


10. That this trend toward dairy farming is most beneficial to the 
agricultural interests of the State.’ 

The geographer is in danger of overlooking non-geographic factors. 
The great prosperity and the rapid development of the dairy industry 

? For much of the data on dairying, including figures 1, 2 and 3, the writer is 


indebted to Professor A. R. Whitson and Mr. O. E. Baker of the College of 
Agriculture, University of Wisconsin. 


— 
Va 

oe 

ray 

© SKIMMING STATIONS x= 

SIZE-OF DOTS VARY WITH = 
AVERATE PRODUCTION BY 

COUNTIES. 
pet IM CALCULATING AREAS OF 

Two POUNDS OF CHEESE. 

os “es 

Fig. 3. 


THE LUMBER AND TIMBER INDUSTRY 59 


in Wisconsin can not be explained alone on the basis of geographic 
causes. Certain men—conspicuously ex-Governor Hoard—and an in- 
stitution—the agricultural college of the State University—through 
their continuous campaigns of education, have been very important 
factors in the growth of this industry. Natural conditions made 
profitable dairying possible ; a well directed policy of education brought 
it to its present high development. 


Tue Lumser anp TimsBer Inpustry.—When the white man came 
to Wisconsin, thirty million acres of timber lay untouched before him. 
In those forests stood more than one hundred billion feet of white 
pine and as much more of other merchantable timber. At the close 
of the Civil War, enough white pine stood in Wisconsin to liquidate 
the national debt which that war had piled up. All of the gold 
mined in the United States from 1792 to 1900 ($2,300,000,000) 
would not, at present prices, buy the lumber that stood in Wisconsin’s 
forests. All the gold ever mined in California would not pay for the 
lumber still uncut in Wisconsin. All the gold mined in California 
last year would be required to pay the wages of the men employed 
by the lumber companies during one average year between 1890 and 
1900 when the industry was at its height. 

Among those pines were trees that scaled five thousand board feet, 
lumber worth to-day two hundred dollars. There were townships from 
which four hundred million feet of lumber were cut, and single acres 
from which one hundred thousand feet of white pine were taken, an 
amount which would now cost a Madison builder four thousand dollars. 

A few years ago a thousand saw mills were at work; five hundred 
or six hundred are still at work, and some of them cut thirty million 
feet of lumber a season. The value of the lumber cut annually, even 
in these days of decline, is five or six times that of all the zine and 
iron annually mined in the State. In 1900, one-fourth of the wage 
earners engaged in all lines of manufacturing in the State were engaged 
in the manufacture of lumber and timber products. The interests 
which centered in this gigantic industry built up towns and cities, 
extended railroads, controlled legislation, made millionaires and for 
a time joined hands with the railroads in directing the political 
destinies of the state. Except the soil, no other natural resource has 
had such bearing on the material development of Wisconsin as have 
these enormous forests. 

Three related facts—all matters of geography—have been effective 
influences in the exploitation of these forests: 


1. The plain-like character of the state, making lumbering easy. 
2. The radial flow of its rivers, their torrential character in spring, 
and their available water power. 
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3. The two important waterways, the Great Lakes and the Mis- 
sissippi River, on the borders of the state. 

Wisconsin’s rivers flowing outward in all directions, giving excessive 
transporting power in spring by the melting of the heavy snows, and 
affording water power at frequent intervals, lend themselves ideally 
to the purposes of the lumbermen. Furthermore, these rivers lead 
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directly to the Mississippi and to the Great Lakes, which in their 
turn lead to the populous East or to the treeless prairie states, regions 
forming the great lumber markets of the Union. 

To appreciate how geographical advantages in Wisconsin hastened 
the appropriation of its forest wealth, it is only necessary to note 
that its forests, though one thousand miles from the Atlantic sea- 
board, were well exploited before extensive lumbering operations were 
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even begun in West Virginia. Logging and the cutting of rough lumber 
reached its height in the years around 1895. During these years there 
were, at single favorable places on the main rivers, eight, ten, twelve 
or even more lumber mills, the largest of them capable of sawing 
upwards of five hundred thousand feet a day. The choice timber is 
now far back from the streams; railroads have replaced rivers as 
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transporters, and fewer mills of greater capacity and located at favor- 
able points, are doing the work. 

During the last decade and a half, an evolution in the wood work- 
ing industry has been in progress, an evolution which is of interest 
chiefly because it illustrates a principle of industrial geography. The 
earlier mills simply cut logs into rough lumber. The finishing and 
further shaping was done elsewhere. But the timber supply diminished 
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and the mills had to stop or change their methods. In many instances 
lumbermen owned valuable rights, they owned homes and property 
at these places which could not be moved and could not be sold at their 
value. These men knew the sources and qualities of wood. The white 
pine was nearly gone, but spruce, hemlock and hardwood remained. 
The mills of northern Wisconsin have been gradually turning to the 
manufacture of more highly finished products and to the utilization 
of other kinds of wood than pine. It is the evolution of an industry 
in response to diminishing or changing raw materials. 

Upwards of fifty mills now make sash, doors, blinds and interior 
finish. Twenty-five mills make wooden packing boxes from defective 
lumber. Seventy-seven mills turn out cooperage. Fifty mills make 
vehicle stock and forty make woodenware. Twenty-eight make agri- 
cultural implements and more than one hundred make furniture. 
Fifty pulp and paper mills have sprung up along the rivers, par- 
ticularly on the Fox and upper Wisconsin. Three-fourths of all the 
water power now used in the state are employed by the paper and pulp 
mills. The lower Fox is lined with them. Appleton alone has nearly 
a dozen. 

In the city of Sheboygan, 57%. of the wage earners are employed 
in the furniture factories—chiefly chair factories. Almost every town 
of any size in the northern half of Wisconsin finds its industrial life 
centered around wood working. Many, perhaps a majority, of these 
mills have grown up quite independent of connection with the earlier 
lumber mills. On the other hand many of them are the lineal descend- 
ants of those mills. 

A further modification of the principle is seen in the manufacture 
of vehicles and vehicle stock, originally based on the abundance of 
timber. The supply of raw material has diminished and yet the indus- 
try increases, reshaped in response to changing conditions; in several 
notable instances merging into automobile factories. 

An interesting offshoot of a wood-using industry is found in the city 
of Ashland, the Lake Superior port for the Gogebic iron range. Here 
is located a wood distilling plant. An unavoidable by-product is char- 
coal, produced in very great quantities. What was to be done with it? 
Train loads of iron ore were daily entering Ashland. Why not use 
the charcoal in smelting ore? A smelter was established and now iron 
smelting is a side line of a wood distilling plant. 


Paper Maxine.—In paper making another principle of industrial 
geography is illustrated. Most of the pulp and paper mills were 
established to utilize Wisconsin wood. Now only about one-half of 
the pulp wood comes from the state and this proportion will con- 
tinually decrease, but the manufacture of pulp and paper will prob- 
ably continue, for the mills are established, water power is developed, 
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capital, experience and skilled labor are localized. The industry is 
rooted. For lack of a better phrase, I have called this familiar prin- 
ciple, The persistence of a rooted industry. 


Tue Peart Burton Inpustry.—The persistence of the pearl but- 
ton factories in one or two towns along the Mississippi River in Wis- 
consin, illustrates the same principle. These factories were established 
to utilize the enormous quantities of clam shells obtainable in the 
upper Mississippi. But the local supply of shells diminished and now 
a part of the supply is brought by train to these factories from rivers 
many miles away. But the industry persists, though the original 
cause is only partially operative. 


Tue Tannine or Leatuer.—In the tanning and finishing of 
leather, Wisconsin forms one of the quartette of leading states, and 
Milwaukee leads all cities. This industry was of course intimately 
connected with the supply of oak and hemlock bark, though chemicals 
are now used. 

Such is the influence of the natural resources of the State upon 
some of its chief manufactures, namely, butter and cheese, lumber and 
timber products, wood pulp and paper and the tanning of leather. 


CoNCENTRATION OF INDUSTRIES ON THE Great Laxes.—An addi- 
tional point which calls for mention is the notable concentration of 
manufacturing at one point, the city of Milwaukee situated on one of 
the Great Lakes; the value of its manufactured products equals that 
of the next twenty cities all taken together. In fact one-third of all 
the manufactured articles produced in the state are produced in this 
one city. Milwaukee and its neighbors, Racine and Kenosha, also on 
Lake Michigan, have quite outgrown their dependence upon the state’s 
raw materials and are responding to other stimuli—particularly the 
ever-growing demands of the expanding Middle West. 

The comparative value to the state of the two waterways on its 
borders—the Mississippi River and Lake Michigan—comes out strik- 
ingly in the fact that ten manufacturing cities have grown up on 
the shore of the lake and only two on the Mississippi, and the larger 
of these two ranks only sixth among the manufacturing cities of the 
state. While eight hundred thousand people live in the counties 
touching Lake Michigan and its arm, Green Bay, only three-eighths 
of that number live in the counties touching the Mississippi and its 
branch, the St. Croix. Ten out of eleven counties on Lake Michigan 
have gained in population during the past decade, while six out of 
eight on the Mississippi have lost. Furthermore, the effect of growing 
urban population in stimulating agriculture in the surrounding region, 
is shown by the fact that rural population during the last decade, has 
increased in every one of the Lake Michigan counties except two, while 
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the rural population has actually declined in every Wisconsin county 
on the Mississippi River. 

Two generations ago the Mississippi was considered to be a very 
important factor in the industrial development of the state. That 
railways should connect the interior counties with the Mississippi was 
regarded as quite as important as that they should connect them with 
Lake Michigan. The earliest railway in the state was built from Mil- 
waukee westward to Prairie du Chien on the Mississippi River. 
Great things were expected of the Green Bay and Western Railway, 
which was built to connect Green Bay with the Mississippi, but the 
road is still merely a cross-country line. 

The great cities just outside of the state,—Chicago, St. Paul and 
Minneapolis,—have effectively dominated the direction of the great 
arteries of commerce in Wisconsin. 

Wisconsin has no coal and its expansion in manufacturing will ever 
be bound up with the problem of fuel. Coal from Buffalo is laid down 
at the docks of Milwaukee and other Lake Michigan ports in Wis- 
consin with a freight charge of only thirty-five to forty cents a ton. 
For a very short haul inland from these ports, the railways charge 
double this amount. This single factor of the low freight rate on 
coal to Lake ports, must continue to work effectively in their favor 
as against the towns in the interior of the state. 

Summary.—Summarizing the geographical influences which have 
helped or hindered the industrial development of Wisconsin, it is 
evident: 

1. That its northerly location, placing it in the great northern forest 
belt and giving it a wealth of timber, which has been the greatest 
single influence upon manufacturing, is the foremost factor. But that 
this same condition has retarded the general development of the north- 
ern half of the state. That the cool climate combined with the clay 
soil—both limestone-residual and glacial—and the stimulus of educa- 
tional efforts, have made Wisconsin the foremost dairying state. 

2. That the extensive woodworking industries are passing through 
an evolution in the direction of producing more highly finished products 
in response to diminishing supplies of raw material. 

3. That the most effective localizing influence so far as manufac- 
turing is concerned is Lake Michigan, while the Mississippi has largely 
lost its importance. 

4. That the great difference in freight rates on eastern coal to inland 
cities of Wisconsin as compared with lake ports is reacting strongly in 
favor of these ports, and must continue to do so. 

5. That the position of Wisconsin between the cities of Chicago, 
on one hand, and Minneapolis, St. Paul and Duluth on the other, has 
given ‘a north-west and south-east trend to its trunk line railways which 
has completely supplanted the earlier east-west trend given by the 
effort to connect the Mississippi with Lake Michigan. 
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THE NOATAK RIVER, ALASKA* 
PHILIP 8. SMITH 
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History of topographic development 

Second highland province : 
Mountainous headwater province. 


Location.—Noatak River is in the northwestern part of Alaska. 
It empties into Kotzebue Sound, an arm of the Arctic Ocean, at about 


162° 30’ W. longitude, and its most remote headwaters rise in the 
highlands in longitude 155° W. The greater part of its course is, 
roughly, along the 68th parallel. 


Previous Exprorations anp Maps.—The first map indicating a 
large river in approximately the position of the Noatak was published 
by Simpson’ in 1855. Dall, however, when he summarized the state 
of knowledge regarding Alaska, as late as 1869, says concerning the 
Noatak (which he called the Inland River) and certain other streams 
in northwestern Alaska: ‘‘ They are small unexplored streams. They 
are prolonged far into the interior to fill up the unexplored spaces on 
most maps.””? 

S. B. McLenegan, of the U. S. Revenue Cutter Service, was the first 
to make a survey of the Noatak. In 1885, with a single companion, 
he started up the river in a skin boat. By hard work he reached what 
he called the head of canoe navigation at approximately longitude 
158° W. In reality this is nearly seventy-five miles air line, or more 
than one hundred and fifty miles by river, below the real head of 
canoe navigation. He returned safely and published a short account 

* Published by permission of the Director, U. 8S. Geological Survey. 

*Simpson, John, Surgeon, R. N. H. M. S. Plover, Observations on the Western 
Eskimo and the country they inhabit: Great Britain, Parliamentary Papers, session 
of 1854-55, Vol. 35. 

* Dall, W. H., Alaska and its resources, p. 285, 1869. 
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of his trip, with a map. Although the geodetic positions shown are 
considerably in error, the form of the river is sufficiently accurate so 
that the larger features are recognizable.» The topography of the 
valley was much conventionalized and only crude hachuring was used. 

During the winter of 1885-86 Lieutenant Stoney of the Navy and 
other members of his party crossed from their camp on the Kobuk to 
the Noatak, and one of them, Lieutenant Howard, continued across 
into the Colville basin, which bounds the Noatak basin on the north, 
and eventually reached the Arctic Ocean near Point Barrow. As a 
result of these trips a portion of the Noatak basin near longitude 157° 
W. was visited and partly mapped. Unfortunately, however, the report 
prepared by Stoney and his associates was lost and was never published. 
However, in 1900, owing to the growing interest in Alaska, he pre- 
pared a popular account of his travels accompanied by a map. This 
volume* was written without the complete data available and after the 
lapse of nearly fifteen years. Consequently, there are many discrepan- 
cies even between the text and the map. 

Since that time prospectors have visited different parts of the basin, 
and there is even a government school for natives about fifty miles 
in an air line above the mouth of the river, but the only available 
information concerning the entire valley has been derived from the 
reports of Stoney and McLenegan. 


Extent oF Expioration sy AvutrHor.—In 1911 a survey party, 
consisting of the writer, with C. E. Giffin as topographer and four 
camp hands, traveled by canoe from the Koyukuk River at the mission 
of St. Johns-in-the-Wilderness (near the former site of Bergman) 
up the Allen River, a distance of over two hundred miles, crossed the 
divide to the Noatak, and descended that stream to its mouth. As a 
result of this trip over ten thousand square miles were surveyed geolog- 
ically and topographically, the larger part of this area being within 
the Noatak basin. The topographic mapping was carried on mainly 
by means of planetable surveys on a scale of 1:180,000, or approxi- 
mately three miles to the inch, using an alidade with a micrometer 
attachment. For a stretch of about seventy-five miles in the low 
gravel flats in the central part of the Noatak valley, where other meth- 
ods were inapplicable, a compass traverse was run, with distances 
measured by time. Every sixty to eighty miles geodetic position was 
determined by solar observations made with a light mountain transit. 


History or TopocrarHic stated, the 
Noatak basin is parallel to the general trend of a series of highly 
metamorphosed schists and allied rocks and less metamorphosed lime- 

*McLenegan, 8. B., Report of Cruise of the Revenue Marine Steamer Corwin 


in the Arctic Ocean in the year 1885, pp. 53-83, Washington, 1887. 
*Stoney, G. M., Naval Explorations in Alaska, Annapolis, Md., 1900. 
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stones, sandstones, and shales. The structure of these various mem- 
bers is intensely complex, and the river by no means follows the struc- 
tural details. The deformation by which the main drainage lines were 
initiated occurred so long ago that the various streams have had ample 
time to modify in large measure the constructional forms and to pro- 
duce drainage rearrangements. After a stage of probably mature dis- 
section had been reached Alpine glaciers were formed in the highlands 
and, gradually encroaching on the existing stream valleys, modified 
them. The limits of the ice have not been determined, for with the 
waning of glaciation great outwash deposits were produced that mantled 
most of the lowland areas, effectively concealing the previous topo- 
graphy. New drainage modifications were produced as a result of 
this cycle. With the nearly complete disappearance of glaciers, except 
in the more protected mountain recesses, the Noatak began the 
excavation of the gravel filling of the lowlands. At the present time 
it is flowing for the most part in a rather narrow steep-sided trench 
at varying depths below the top of the gravel outwash deposits. In 
this degradation bedrock was here and there encountered and rocky 
gorges appear. 

TorograPuic Susprivisions.—It was not possible to investigate in 
detail the various geographic and topographic features, or even to 
gain an accurate impression of the basin as a whole. In fact, in places 
long range views failed to reach the limits of the basin, so that even 
such elementary facts as its area could not be determined. There seem, 
however, to be six more or less topographically distinct parts into 
which the region adjacent to the Noatak may be divided. These are 
from the mouth upstream, a coastal lowland, the Igichuk hills, the 
middle lowland, the second highland area, the third lowland, and the 
headwater mountains. 


Coastal Lowland.—The coastal lowland adjacent to the Noatak, 
as its name implies, has low relief, at few places rising to more than 
a hundred or two hundred feet above the main stream. Presumably 
it is mainly of marine origin, as it has neither the form nor the struc- 
ture of a normal delta. It merges with the narrow coastal plain to 
the west, although to the east no sharp line can be drawn between it 
and the Kobuk delta. Near the river the upland is fairly well-drained, 
but further away the surface is an almost untraversable morass in 
summer and a wind-swept waste in winter. Only a few tributaries 
enter the Noatak in this part of its course, and. all of these are mere 
wet-weather streams. The main river is nearly a mile in width and 
shallow. Timber is absent except as a narrow fringe along the river 
near the northern margin of the province, and the uplands are devoid 
of all vegetation except grass and small plants. Bushes here and there 
flourish in the protected gulches. There are no settlements in this 
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province within the area duntning into the Noatak, though there are 
some farther west. 


Igichuk Hills——The part called here the Igichuk hills is a high- 
land area about fifteen miles wide trending more or less east-west, 
with the higher points rising to elevations of fifteen hundred and 
two thousand feet. The river cuts through this range in a narrow 
gorge with practically no flood plains developed and ragged limestone 
points jutting into the river in fantastic pinnacles. High-level gravels 
and topographic forms up to an elevation of seven hundred feet above 
the stream show evidences of drainage changes in the recent past. 
The range is too narrow to afford any considerable run-off, and only 
two or three streams enter the river in this province, so that the entire 
Noatak basin is rather narrow. A few native huts are located here 
and there on benches along the river. The owners live mainly by 
salmon fishing or by hunting walrus and seal along the coast, but 
game is rather scarce and is becoming more so all the time. Timber 
forms a narrow fringe along the streams. The hillsides are covered 
with low bushes, which give place higher up to grasses and then to 
lichens, and these to bare rocks. 


Middle Lowland.—The middle lowland portion is a broad gravel- 
filled basin bounded on the south by the Igichuk hills and on the 
east by the highlands, called by Stoney the Baird Mountains. On 
the north the middle lowland gradually narrows until the hills reach- 
ing the river give rise to the second highland area. Westward, a 
practically uninterrupted plain stretches away to the Arctic Ocean. 
This lowland is approximately forty miles long north and south and 
averages about thirty miles wide east and west. The main river in 
this part is a network of anastomosing streams occupying a strip of 
the valley floor about two miles wide with numerous lakes and swamps 
on either side. Side streams originating in the hills that bound the 
lowland flow on steep gradients until, entering the lowland, they lose 
velocity and meander in sinuous patterns across the tundra. The 
largest tributary from the east is formed by the streams from the 
Baird Mountains. It flows parallel to the Noatak until that river, 
swinging against the northeastern margin of the Igichuk hills, cuts 
out the lowland and permits the tributary stream to enter. Short 
streams only are received from the Igichuk hills, and but few tribu- 
taries are received from the west. From the north the Noatak received 
several good-sized rivers that rise in the mountains forming the divide 
between the Noatak and the Arctic Ocean. Many of the larger val- 
leys have a glaciated appearance from a distance, but none were 
explored. 

In the central part of the middle lowland, on a gravel bench above 
the river, are the Noatak mission and the Government School. This 
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is the largest settlement in the Noatak basin. At this place there are 
three or four white people and about fifty natives. Timber is suf- 
ficiently abundant for ordinary needs, but other supplies have to be 
brought up the river from Kotzebue (the nearest coast village in 
communication with the outside world) in native skin boats, the trip 
taking three or four days upstream and one or two down. 


Second Highland Province.—In the second highland province 
the hills to the north and east of the middle lowland approach close 
to the river, and thus for seventy-five miles, airline, the Noatak is 
hemmed in by hills three to five thousand feet above the sea. The 
beginning of this province on the west is marked by a narrow rocky 
canyon in places five to seven hundred feet deep, caused by relatively 
recent drainage obstruction. The main river is from one-eighth to 
one-fourth of a mile wide. Although showing numerous sharp large- 
scale bends, the river does not meander and is in a relatively youthful 
stage. Flood plains have been developed in those parts where the 
river is intrenched in the gravel plains, but they are practically absent 
where the river is flowing over bedrock. The current is swift, and 
although there are no falls nor serious rapids, the necessity of fre- 
quent crossing from side to side for tracking (rowing being out of 
the question) would make the upstream journey difficult and tedious. 

Few of the tributaries from the south head more than ten to fifteen 
miles from the Noatak, but several from the north were seen extending 
back for at least twenty-five miles, and their headwaters are even more 
remote. The Noatak basin in this province therefore appears to be 
unsymmetrical, with the divide nearer the river on the south than on 
the north. Many of the larger valleys appear to have been glaciated, 
but none of the ice has left evidence of having reached the main 
valley, though outwash deposits are pronounced. 

There are no permanent settlements in this part of the valley, and 
it is seldom visited by natives except on trips to the game country 
farther up river. The last of the spruce was seen a few miles above 
the canyon, and there is none any further east in the entire basin. 
In its place willow and alder form the main sources of fuel and even 
these are by no means abundant. 


Third Lowland.—Farther upstream the hills recede from the river . 
and the last lowland province is reached. This is a gravel-filled basin 
sixty miles long and from ten to thirty miles wide. It is a monotonous 
plain broken here and there by lakes on the upland, with the Noatak 
intrenched from fifty to two hundred feet below the general surface 
level. In this part of its course the river, now one-eighth to one-sixth 
of a mile in width, shows a meandering habit, but blind sloughs and 
braided characters are rare, and the current is nearly three miles an 
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hour. Huge boulders, derived from the outwash deposits through 
which the stream has incised its course, form obstructions to all but 
canoe navigation. 

Near the middle of this basin the largest tributary from the south 
joins the Noatak. It carries nearly one-half the volume of the main 
river above that point and drains a large area between the Kobuk and 
the Noatak. From the north also a large tributary, the Aneyuk, enters. 
This stream heads in the distant rugged mountains that mark the 
northern boundary of the Noatak basin. Many of the valleys tributary 
to the Aneyuk show broadly open U-shaped cross sections that were 
undoubtedly produced by former valley glaciers. A broad low pass 
leads from the Noatak by way of the lowland of the Aneyuk into the 
Colville basin, which drains northward into the Arctic Ocean. This 
was probably the pass traversed by Lieutenant Howard of the Stoney 
expedition on his trip to the Arctic coast. 

This region appears to be an especially good caribou country, for 
many of these animals were seen ranging over the brushless rolling 
uplands and browsing on the abundant reindeer moss. Natives from 
downstream and even from the Kobuk make annual trips to this part 
to secure their winter’s supply of caribou meat. 


Mountainous Headwater Province-—The mountainous headwater 
province extends, roughly, for about seventy-five miles east and west. 
It forms the divide between the Noatak and north, south, and east 
drainages. Passes to these different basins occur at several places, 
and most of them are glaciated cols; for instance, the pass from the 
Noatak River to the Allen River on the east. This pass is only one 
thousand feet above the rivers, and the distance between the two 
streams is about eleven miles. 

The mountains rise from five to six thousand feet above the river, 
or seven to eight thousand feet above the sea, and are intensely rugged 
and impressive. The floor of the main valley gradually narrows from 
a lowland two miles wide in which the river, about one hundred yards 
wide, meanders in a slightly intrenched gorge, until in the very head- 
waters it is entirely occupied by the stream. Gravel deposits up to 
an elevation of one thousand feet above the river form benches here 
and there that interrupt the steep bare rock scarps elsewhere promi- 
nent. The rocky walls rise abruptly from the valley floor and have a 
truncated appearance that is usually associated with glaciation. This 
interpretation is further suggested by the straight alignment of the 
various interfluves and the absence of long straggling spurs. Deep 
glacial erosion of the main valley however, is precluded by the numer- 
ous exposures of bedrock in the valley floor. There are still glaciers 
in the mountains, but they are at most only a few miles in length. 
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Game is abundant. Mountain sheep are particularly numerous in 
the high, less accessible parts. Natives from places a hundred or 
more miles distant make annual hunting trips to the headwater mour- 
tains. Gold has also been discovered in this part of the Noatak basin, 
but the inaccessibility of the region, the absence of timber, and the 
shortness of the open season have combined to prevent prospecting, so 
that there is no mining industry. There are no permanent settlements. 
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Tue oF 1911 anp 1rs Memsers.—The following pages 
describe an excursion which began in southern Ireland on August 1, 
and disbanded in northern Italy on October 5, 1911. It took the 
name of “ Pilgrimage” because we visited many localities made 
famous in the history of physical geography by the work of masters 
in an earlier generation. The members of the Pilgrimage, of whom 
a list here follows, numbered thirty-two and represented fourteen coun- 
tries, England, Scotland, Ireland and Wales being counted separately. 
Seldom did our party include more than ten of the total membership. 
Several student members are marked (St.). 

H. O. Beckit, School of Geography, Oxford University, England. 
Léon Boutry, University of Clermont-Ferrand, France. 
Maurice Brienne, University of Lille, France. (St.) 


Abel Briquet, Douai, France. 
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G. G. Chisholm, University of Edinburgh, Scotland. 

G. A. J. Cole, Royal College of Science, Dublin, Ireland. 

J. Cvijic, University of Belgrade, Servia. 

James Cossar, Training College, Glasgow, Scotland. 

W. M. Davis, Harvard University, Cambridge, Mass. 

Pierre Denis, University of Paris, France. 

Albert Demangeon, University of Lille, France. 

Lucien Gallois, University of Paris, France. 

Gilbert Garde, University of Clermont-Ferrand, France. 

Ph. Glangeaud, University of Clermont-Ferrand, France. 
Walter Hanns, University of Leipzig, Germany. (St.) 
Amund Helland, University of Christiania, Norway. 

Mark Jefferson, State Normal College, Ypsilanti, Mich. 

O. T. Jones, University College, Aberystwyth, Wales. 

Olinto Marinelli, Institute of Higher Studies, Florence, Italy. 
J. E. Marr, Cambridge University, Cambridge, England. 
Fritz Nussbaum, University of Bern, Switzerland. 

Hans Praesent, University of Greifswald, Germany. 

Giuseppe Ricchieri, Scientific and Literary Academy, Milan, Italy. 
Alfred Riihl, University of Marburg, Germany. 

Ludomir v. Sawicki, University of Cracow, Galicia. 

Hans Spethmann, University of Berlin, Germany. 

Aubrey Strahan, Geological Survey of Great Britain, London. 
Antoine Vacher, University of Rennes, France. 

Harry Waldbaur, University of Leipzig, Germany. (St.) 

W. B. Wright, Geological Survey, Dublin, Ireland. 

Fritz Wyss, University of Bern, Switzerland. (St.) 
Naomasa Yamasaki, University of Tokio, Japan. 


There was abundant discussion directed to the origin of the land 
forms in the districts visited, and to the best means of describing 
them; but, as is usually the case when geographers are gathered to- 
gether, many diverse opinions and methods were developed. Even 
the object and scope of our work were differently interpreted by the 
various members. Nevertheless there was a general acceptance of 
explanatory in preference to empirical methods for geographical 
descriptions; and frequent employment was made of the scheme of 
“structure, process and stage” for the description of land forms, 
though with greatly varying proficiency and completeness. There was 
an interesting diversity of opinion in such problems as the origin of 
certain truncated uplands which we visited, some members ascribing 
them to marine denudation, others to subaerial degradation ; hence this 
problem is discussed with some fullness on a later page. Frequent 
dissent was expressed from my principle, that geological formation- 
names, indicative only of geological dates in past time, ought to be 
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excluded from purely geographical descriptions, since geography has 
to do only with the present. Some of the liveliest discussions arose 
when comparisons were made of one-page descriptions of a limited 
area that we had examined together; the order of the statement and 
the emphasis given to different elements varied greatly, in spite of 
the fact that we had all seen the same things. All this shows how far 
we are still from having standardized our geographical methods. 


Frve Days 1n Iretanp.—The pilgrims gathered under the valued 
guidance of G. A. J. Cole, Professor of Geology in the Royal College 
of Science, Dublin, and Director of the Geological Survey of Ireland, 
with whom we first examined some interesting features of glacial origin 
in the neighborhood of Killarney, among which were: the Gap of 
Dunloe, a good example of a “ glacial distributary pass” in Sdélch’s 
classification—that is, one in which glacial overflow across a pre- 
glacial notch has shifted the crest of the notch up the glacial stream 
and at the same time lowered it; a well defined glacial amphitheater 
where the glacial distributary which deepened Dunloe gap ended on 
the plain to the north; and a beautiful example of a shore-terrace 
formed in the waters of a glacial-marginal lake which had its outlet 
at the head of the valley that it occupied—all these features being under 
investigation by Mr. Wright. 

Then the great sea cliffs at the west end of Valencia Island were 
visited, where we admired the contrast between the normally rounded 
and soil covered forms of the landward mountain slopes and the sharply 
undercut precipices by which their seaward faces were characterized. 
From the top of these cliffs the sharpened peaks of the Skelligs were 
seen; they once presumably had rounded forms, but they have been 
so strongly undercut all around the shore line by the violent attack 
of the Atlantic waves that they are now steepened to the very summit. 
By no means all the length of the coast in the southwest possesses lofty 
cliffs; they occur only where the subrecent submergence of the low- 
lands, in the retreating border of which ragged cliffs of small 
height are cut, has been sufficient to bring the sea to the base of a 
group of subdued mountains. It was interesting to note that all the 
mountains were of complex anticlinal structure, while the lowland 
belts between them were deeply eroded synclines; thus contradicting 
the assertion often made that in greatly denuded folded structures, the 
synclines remain in relief, and showing that relief is more dependent 
on rock resistance than on folds. 

Returning eastward we stopped at the elbow of the Blackwater, 
where Jukes, just fifty years before, first gave correct explanation 
to the relation of transverse and longitudinal, that is of consequent 
and subsequent, streams and valleys in tilted structures of varying 
resistance. This explanation was for a number of years overlooked 
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by observers in the United States, to the serious detriment of their 
work. We finally visited the ragged cliffs of the southern coast, where 
the successive development of cove, cave and slip appeared to be the 
regular order of progress in the vigorous attack of the sea on this 
immature coast line. Good exercise was found at the end of these 
few days in Ireland in attempting to compress an explanatory physio- 
graphic description of the district we had seen into as few words as 
possible; advantage being taken of a final day in Dublin to look up 
Jukes’ famous article “On the Mode of Formation of Some River 
Valleys in the South of Ireland.”* One of the experiments resulted 
as follows: 

A Concise Description or SourHweEsTERN [RELANp.—The heavy 
sedimentary strata of southwestern Ireland—the district referred to 
lies between Waterford on the east and Dingle Bay on the west— 


Fic. 1.—Sea cliffs near Great Newtown Head, about two miles west of Tramore, 
South Coast of Ireland, looking west. 


were long ago compressed into complex folds trending north of east 
and south of west, and the region was then eroded to a late stage 
of the cycle thus introduced. The resulting lowlands, with numerous 
residual ranges and monadnocks which usually followed anticlines 
of resistant sandstones, were moderately uplifted with a gentle slant 
to the south; whereupon the synclines of limestone and slate were 
broadly excavated forming open rolling lowlands from three to ten 
miles wide and leaving the truncated anticlines and their surmounting 
residuals of the earlier cycle in discontinuous belts of irregularly dis- 
sected uplands and mountains. Some of the lowlands are trenched 
as if renewed uplift had revived their streams. The well adjusted 
drainage consists of transverse streams which cut through the uplands 
in narrow valleys and longitudinal streams which wander rather ir- 
regularly along the lowlands, receiving many branches from insequent 
ravines in adjoining higher belts. 
* Quart. Journ. Geol. Soc., XVIII, 1862. 
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In the western part of the district the sandstones seem to be 
more resistant, as several complex anticlinal belts there remained in 
stronger relief at the close of the earlier cycle; they now, since the 
later uplift, have altitudes of from fifteen hundred to three thousand 
feet, with subdued forms of coarse texture, except where glaciated, 
as further stated below. The uplands and lowlands are nearly every- 
where covered with a veneer of till that was formed in a widespread 
glaciation, and not with soil of local origin. Later local glaciation in 
the higher mountains excavated valley-head cwms, above which some of 
the crests are craggy; overdeepened the larger valleys within the 
ranges, thus producing oversteepened, plucked and scoured valley 
sides; and sometimes formed morainic amphitheaters on the piedmont 
lowlands, fronted with outwashed gravels, and more or less trenched 
and terraced. There are many cascades that fall from the highlands 
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Fic. 2—Scheme of development for mountains, uplands and valleys of southern 
Ireland, looking northwest. First cycle, a peneplain interrupted by subdued 
mountains of the most resistant rocks in axes of anticlines; second cycle, exca- 
vation of broad valley lowlands along synclinal belts of limestone and contempor- 


aneous submature dissection of uplands; third cycle, erosion of mature valleys 


in former lowland belts. 


into the ewms and from the cwms and hanging side-valleys into the 
main valley troughs; while the main streams on the trough floors 
are often broken by rapids. Lakes of small size or bogs representing 
former lakes, are common in the cwms; lakes occur also in the valley 
troughs and morainic amphitheaters, the best known of the latter kind 
being those of Killarney. 

A depression of the region has led the sea into the distal parts 
of many valleys, thus forming the narrow transverse bays of the 
southern coast, of which the best known example is Cork harbor, and 
the wider longitudinal bays between the mountainous promontories 
of the southwestern coast, of which Dingle, Kenmare and Bantry are 
the largest. Very little wave work has yet been done on the inner 
shoreline of the bays; they are particularly irregular where the land 
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surface has been plucked and scoured by recent glaciation. The exposed 
outer coast has been cut back into ragged cliffs by the stormy sea; 
the cliffs being of moderate height where cut in the lowlands, but 
rising a thousand feet where the higher mountains have been attacked. 
Some of the subdued monadnocks of the earlier cycle, later converted 


Fic. 3—A ewm in the side of the glaciated trough of Nant Francon (Beaver 
valley) near Bethesda, Wales; looking south. The rocks are steeply inclined 
slates, sandstones and lavas. 


into islands, have now been transformed into sharp peaks by “ cir- 
cumabrasion.” 


A Weex 1x Wares.—Our next rendezvous was at Bethesda in 
North Wales, where a number of new members were gathered from 
England, Scotland, France, Germany, Norway, Galicia and the 
United States. Here under the amiable leadership of Dr. J. E. Marr 
of Cambridge University, we studied the effects of glacial erosion in 
modifying the normally subdued preglacial mountain and valley forms 
of the Snowdon district. As was the case on the Italian lakes in 
the summer of 1908, we had to regret that no one was present to 
maintain from conviction the inefficiency of glaciers as eroding agen- 
cies. A day on Snowdon was greatly enjoyed; the contrast of the 
deeply excavated valley-head cwms with the normally rounded summit 
and spreading convex spurs was very impressive. On both sides of 
the Snowdon mass we saw fine examples of glacially overdeepened 
troughs, with hanging lateral valleys opening in the side walls and 
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with rock steps and rock basins scoured in the floor. The lowering 
of preglacial passes by glacial cross-currents was noted at several points ; 
the result in facilitating transportation through the mountains is here 
of evident economic importance on a small scale, as it is on a much 
larger scale along the line of the Canadian Pacific Railway across 
the Rocky Mountains and the Selkirks. As centers for the study of 
these typical features, Llanberis on the north and Snowdon Range 
on the southwest may be highly recommended. 

Two half-days were profitably given, under the guidance of Pro- 
fessor O. T. Jones of the University College of Wales, to the uplands 
and highlands east of Aberystwyth, this being the region made classic 
by Ramsay’s famous essay in which he brought forward his theory 
of the origin of certain plains by the marine denudation of moun- 


Fig. 4.—Scheme of development of highlands, uplands and coast line in west- 
central Wales, near Aberystwith; looking northeast. First cycle E, an extensive 
lowland of normal erosion or of marine abrasion, with occasional residuals. 
Second cycle, F, normal dissection of uplifted plain and encroachment on 
margin by marine abrasion. Introduction of third cycle, G, by elevation and 
withdrawal of sea. Third cycle, H, dissection of land area and encroachment 
on uplifted plain of marine abrasion by renewed attack of the sea. 


tains. It was here a pleasure to find that our guide had made a new 
attack on this old problem, and had recognized two uplifted and dis- 
sected plains, separated by an escarpment, where Ramsay had seen 
only one; and further that he had good reasons for explaining at least 
the lower uplands as the result of marine denudation, a process that 
has been too generally neglected by British students since their recog- 
nition of the great value of subaerial degradation. Professor Jones has 
prepared a chapter presenting his views on central Wales in a publi- 
cation that is unfortunately not easily accessible.’ 

On the first of our two half-days in Central Wales we saw a re- 

*Souvenir of the Aberyswith Conference (National Union of Teachers), 1911. 
Edited by John Ballinger. Published by the National Union of Teachers, Bolton 
House, Russel] Square, London, W. C., 1911. 
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markably fine example of a recent stream capture, about twelve miles 
inland from Aberystwith. The- gorge down and up stream from the 
elbow is deep cut and steep sided; the side streams cascade on their 
descent into it, and the main stream at its bottom is not yet well 
graded. An excellent view up-stream (northward) across the elbow 
of capture is had from the railway station of Devil’s Bridge, whence 
one may easily see the young gorge sharply cut in the mature valley 
floor. 


Tue Even Urranp or Lanps Enp.—We left Wales for southern 
England, and on our way made an early morning visit to the incised 
meanders of the Wye, which like the uplands of Wales, are famous 
from Ramsay’s early work. We went southward across Devonshire to 
Cornwall where the even upland near Lands End proved fruitful as a 
subject for explanatory description. Some regarded it as a plain of 
marine denudation; but the absence of cliffs on the exposed sides of 
several low monadnocks convinced the present writer that the upland 
was chiefly the result of subaerial normal erosion; although the occur- 
rence of gravels containing marine fossils, reported by British ob- 
servers, shows that the plain was submerged for a time after it had 
been worn down and before it was uplifted and dissected. 

Let it here be explicitly stated that the discrimination between marine 
denudation and subaerial degradation in the production of the Lands 
End upland is rather a geological than a geographical problem, so 
long as it is concerned with the processes of past time. It becomes 
a truly geographical problem however, when it is shown that the 
present day forms of the surface would be of one kind if they had been 
formed by marine denudation, and of another kind if prepared by 
subaerial degradation; and still more geographical when the present- 
day forms of that interesting district are described in terms of the 
process by which it is believed they have been prepared. Of course 
the geological problem here touched is as worthy of attention from 
geologists as any other problem of past time; and it surely is open 
to investigation as a geological problem by geographers also, if they 
wish to investigate it; but geographers ought to recognize that this 
or any similar problem falls properly within their own province only 
when its solution is found to be helpful in describing things as they 
now exist. 

In my own opinion the solution of this problem is geographically 
very helpful, because in my understanding of the case, plains of marine 
denudation and plains of subaerial degradation, uplifted and sub- 
maturely dissected, would not look alike, provided that the work done 
upon them before uplift had not gone so far as to wear all residual 
reliefs down to a featureless surface. The difference in appearance 
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of the two kinds of plains may be made clear by the following 
considerations : 


Marine DenvpatTion anp SuspaEriaL Decrapation.—These two 
processes must go on together, one on the seaward side and one on the 
landward side of a shifting shoreline; and the area of sea-cut plain 
must, so long as the land mass stands still, gain on the subaerial 
area. Furthermore, in order that the sea-cut plain may gain a width 
of ten or twenty miles, the retreat of the sea cliffs at its landward 
border must be more rapid, probably very much more rapid, than 
the degradation of the land area, as shown in Fig. 5. When both 
processes are far advanced, the line by which their areas are separated 


Fic. 5.—Relation of normal degradation to marine abrasion; the horizontal en- 
croachment of the latter being five or ten times the downward wear of the 
former. Development of sea cliffs of decreasing height in the advanced stages 
of marine abrasion. 


must be of relatively simple curvature, must be marked by low cliffs, 
and some of these cliffs must have been cut back of the low summit-arch 
of vanishing hills; consequently such cliffs may be described as of 
“decreasing height.” A simple line of low cliffs, some of which 
are cliffs of decreasing height, is therefore an essential feature of the 
boundary between a so-far finished plain of marine denudation and a 
nearly finished plain of subaerial degradation, or peneplain. Hence 
this inferred line of cliffs may prove to be a valuable criterion in 
uplifted examples where the presence of massive rocks prevents dis- 
crimination by means of adjusted or unadjusted drainage lines. The 
boundary of an upland thus comes to have a value in determining its 
origin, and in giving it an explanatory description. 
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The less advanced a cycle of subaerial erosion, the more distinct 
should be the line of cliffs by which its area is separated from that of 
an adjoining area of marine denudation. It was the occurrence of 
a line of cliffs at the inner border of the lower uplands in central 
Wales, very similar, except for battering by weather and ravining 
by streams, to the line of uneven cliffs by which the same uplands 
fall off to the plain of marine denudation now in progress of making 
by the sea, that persuaded Professor Jones of the marine planation 
of the upland; and it was the uncertainty as to the existence of such 
cliffs around the residual monadnocks which still surmount the inner 
highland that left his hearers in doubt as to the origin of that earlier 
developed and more uplifted area. (See Fig. 4.) 

If a district is described by an observer as an uplifted and partly 
dissected plain of marine denudation, the reader of such a description 
ought to have the right to infer that the writer of it had, before he wrote 
about it, seen a simple cliff-line, more or less battered by weathering, 
along its inner border. If on the other hand a district is described 
as an uplifted and dissected peneplain, this term being chosen so as 
to imply the subaerial degradation of the district in question, the 
reader has the right to infer that such mounds or monadnocks as 
rise above the general level are not bordered on their exposed side 


by cliffs or scarps. In other words, as soon as the discrimination 
between the two processes here considered is made in terms of their 
visible products, it has a definite value in aiding the description of 
an existing landscape; and thus understood the discrimination fairly 
enters the list of geographical problems. This matter is here repeated 
at some length, because when it was discussed during our Pilgrimage, 
it appeared to be novel to some of our party. 


Tue Sea Cuirrs or Cornwati.—The fine sea cliffs which abruptly 
terminate the uplands about Lands End were apparently the work of 
two attacks of the waves; first a rather well advanced attack, during 
or after which the cliffs gained a graded slope; then a lately renewed 
and vigorous attack, by which the base of the graded cliffs is sharply 
undercut in ragged and rocky forms, the platform in front of them 
not being yet widened enough to hold a beach, except in the larger 
coves. The amount of loss suffered by the uplands during the total 
retreat of the sea cliffs was carefully considered. The generally 
accepted idea is that the uplands once had a much greater extension 
seaward, and that they have been reduced to their present area entirely 
by marine erosion; but if such were the case the present coast ought 
to have the simple outline of maturity, while as a matter of fact its 
outline is decidedly irregular and immature. This suggests a mod- 
erate recession, less than a mile, as the result of marine attack on a 
not distant initial shore line of distinct slope, instead of a great 
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recession following an attack on a remote initial shore line where 
a gradual decline of the upland might lead it below sea level. Two 
possible explanations for a neighboring initial shore line of distinct 
slope were offered. One accounted for it by a differential faulting 
of the region after peneplanation, so that the sea began its attack 
on the fault scarp that separated the upfaulted from the downfaulted 
areas; but as it would require many intersecting faults of sub-recent 
date to produce a scarp only a mile or so outside of the present irregu- 
lar shoreline, and as no traces of such faults are found on the remaining 
ey this suggestion was rejected. The alternative suggestion was 
as follows: 


‘Fic. 6.—The sloping cliffs of the Lands End upland, and the new attack of the 
sea at their base; looking south. 


A Rounp-asour Expranation.—The deformed crystalline mass, of 
which Lands End and the greater part of Cornwall consists, was 
worn down to moderate relief, then depressed and buried under a heavy 
sedimentary cover; the compound mass was next unevenly uplifted and 
advanced to old age in the cycle of erosion thus introduced, so that the 
peneplain then formed traversed both the deformed older crystalline 
mass and the inclined strata of the sedimentary cover. The region 
was then rather evenly uplifted and the weaker covering strata were 
reduced to a new lowland or peneplain, while the resistant crystallines 
were only submaturely or maturely dissected; and in this condition 
the whole region was slightly depressed, so that the lowland of the 
new peneplain was submerged and the lower valleys in the dissected 
crystallines were drowned; thus the sea came to have its new shore 
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line on the slope which separates the crystalline uplands from the 
drowned lowlands, this slope being nothing more than a part of the 
ancient worn-down land surface that had lately been laid bare by the 
stripping of the covering strata from it between the levels of the two 
peneplains. The irregularity of the slope, and hence also of the initial 
shore line that contoured in consequent fashion around it, would depend 
partly on the inequalities of the ancient land surface, partly on the 
unevenness of its uplift after burial; and a moderate recession of such 
a shore line would produce the existing irregular shore line with its 
immature cliffs. 

Several facts may be cited in favor of this somewhat elaborate 
explanation. First, the eastern or landward border of the Cornwall- 
Devonshire upland is determined by an irregular slope where the 
crystalline rocks, long ago worn down to an uneven land surface, 
depressed, buried, and uplifted, have been, after the peneplanation 
which produced the even surface of the present uplands, again uplifted 
and laid bare around their border by the lower peneplanation of the 
weaker covering strata; that is, the uplands are here bordered by 
precisely such a definite but irregular slope as is postulated, in the 
explanation under discussion, for the initial north, west, and south 
borders of the uplands. No shore line follows the eastern border, 
because the depression after the newer peneplanation was not sufficient 
to submerge that part of the bordering lowland. Second, the valleys 
by which the uplands are submaturely or maturely dissected are now 
all drowned in their lower courses, and thus transformed into branching 
bays of most typical form, as may be seen near Falmouth and 
Plymouth. 

A curious difficulty was met in the discussion of this explanation, 
which deserves to be placed on record. The explanation was difficult 
to talk about because the structural “thing ” that it involved had no 
simple name by which it could be easily mentioned ; it had to be para- 
phrased, and the paraphrasing by different pilgrims varied greatly 
according as they emphasized one element of the “ thing” or another, 
with the result of inconsequence and misunderstandings. We soon 
came to feel the need of some convenient term by which the roundabout 
paraphrasing could be avoided; and of this more will be said later. 


Tue Urranps or DevonsHire anp CornwaLi.—During the com- 
ing and going on our southwestward detour, we made brief stops on 
the north Devon coast, where the broad, coarse-textured highlands of 
Exmore descend abruptly to the shore of the Bristol Channel; on 
the north and south borders of the central highland of Dartmoor, 
so far out of the way and empty that an artillery camp is on one 
side of it and a large prison on the other; and on one of the beautiful 
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branching embayments that indent the southern coast,—the one that 
has Salcombe at its entrance and Kingsbridge at its head. After this 
brief inspection of the region it seemed to us all that its leading 
physiographical features could be concisely described as the products 
of two cycles of erosion on a disordered mass of crystalline rocks. 
The more even uplands of to-day, dissected by steep-sided valleys, are 
parts of the uplifted peneplain to which all but the most resistant 
rocks were reduced when the first cycle was interrupted by the uplift 
which introduced the second; while the large or small highland areas 
of broadly arched forms and coarse texture consist of the most resistant 
rocks, which therefore survived above the peneplain of the uplands 
as isolated or grouped monadnocks. On the other hand the districts 
of rolling hills with convex summits and with significant inequality of 
height, separated by well opened, late mature valleys, are areas of 
moderately resistant rocks, which were presumably worn to a smooth 


SS 


Fie. 7.—A weenie sae entering the valleys of the late-mature uplands 
of southern Devonshire; looking south from near Kingsbridge toward Salcombe. 


plain at the close of the first cycle, and are now already advanced to 
a late mature stage of subdued forms in the recent cycle. If to this 
simple scheme, we add the conception of a bordering mass of weaker 
strata, now worn down to a new peneplain and recently submerged, 
as stated above, the chief features of the coast as well as of the interior 
may be understood. Some British observers have recognized levels of 
erosion or abrasion at several different altitudes, on which they base 
a more complicated scheme of morphogeny; but as far as our journey 
gave us a view of the region, the leading features are all referable 
to two cycles followed by a recent episode of slight submergence. 


Tue Rarity or Currs or Decreasinc Heieut.— In further evi- 
dence of the small retreat of the Devonshire-Cornwall coast, the rarity 
of cliffs of decreasing height deserves mention; that is of cliffs which 
have been, as above explained, cut back so far as to stand behind the 
broad crest of flat-topped hills into which the uplifted peneplain has 
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been dissected, so that with further recession they must lose height 
as the inland slope of the hill is consumed. Such cliffs ought not to 
be uncommon along a shore line that has been cut far back of its initial 
outline; they ought to be very rare or absent along a shore line that 
has been cut back but a little, less than a mile. They are certainly 
rare in Cornwall. The only one we saw stands not far west of 
Plymouth where a valley, trending for a stretch almost parallel to 
the coast, lies exceptionally near it. The rarity of decreasing cliffs 
seems to be one of the strongest reasons for concluding that the Cornish 
coast has not yet suffered a great retreat. 

It may perhaps be objected that, if the uplands of Devonshire-Corn- 
wall had really been surrounded at a little distance outside of their 
present border by an inclined series of covering strata, some remnants 
of such strata ought somewhere to be found, either clinging to the 
present coast, or standing forth as small islands. If this objection 
is fair, then the postulate, that the basal members of the covering 
strata are weak must be incorrect. Now it does happen that along 
the southern part of the eastern border of the Devonshire uplands, 
the covering strata are red sandstones and conglomerates of sufficient 
strength to have as yet escaped the peneplanation that has already over- 
taken the weaker shales and marls farther north; hence to this extent 
the postulate that the covering strata are weak is not justified. The 
stronger sandstones rise in hills, some of which do cling to the uplands 
of crystalline rock, but these are exceptional. Fragments of the sand- 
stones might be looked for on the sea floor along the southern coast. 
Since my return home, I have found that such fragments have been 
dredged south of Plymouth.* 


Tue Sovurn Coast or Enetanp.—On leaving Devonshire we 
followed the south coast where it transects the middle and upper 
members of the heavy series of covering strata, dipping gently east- 
ward, and hence overlying the weak basal members on which the 
lowland bordering the Devonshire uplands has been worn down. The 
middle and upper members, although stronger than the lower ones, 
are evidently less resistant than the crystalline mass of Devonshire- 
Cornwall, for their now isolated uplands are separated by many 
broadly opened, late mature valleys; and along the coast the uplands 
are evenly truncated by smooth cliffs with beaches at their bases, and 
the cliffs are all strung along a comparatively simple line. This 
shows a good advance toward maturity of the marine cycle as here 
developed, in contrast to its immaturity on the ragged coast of more 
resistant rocks in Cornwall. 

*R. H. Worth, Journ. Marine Biol. Assoc. United Kingdom, V. 1897, 381-387; 


Tbid., VIII, 1908, 118-188. See also patches of sandstone along coast; Geol. Surv. 
Gr. Brit., sheets XX, XXI XXII, XXIII, XXIV, XXVI. 
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It was interesting to note, as we crossed some of the uplands near 
the south coast, that they are covered with gravel; and this we took 
to indicate that the uplands are parts of a peneplain, presumably of 
the same peneplain which we had already seen better preserved in 
the uplands of crystalline rocks farther back. Local features of inter- 
est on the coast were the great landslips near Axmouth, the greater 
part of which occurred in 1839, described and figured by Conybeare; 
and the Chesil bank, a superb beach or reef of pebbles which stretches 
in a long sweeping curve from southeast to northwest, concave to the 
sea, and which attaches the former island of Portland to the mainland. 


Tue Istanp or JErsEy.—Weymouth harbor lies inside of the 
Chesil bank. There we took steamer to Jersey, and spent a profitable 
day walking over the well smoothed peneplain and along the fine cliffs 
of that tidy island. A broad platform of ragged rocks, laid bare on 
the southeast of the island when the strong tide ebbs, was a striking 
feature. There can be no question that, what with frequent storms 
and strong tidal currents, the abrasive action of the sea, always well 
supplied with gravel and sand, is intensely active on such a platform; 
and that the attack of the high-tide storm waves at the base of the 
cliffs is violently effective in cutting them back wherever they are 
reached. But violent as the marine action is here, we are not therefore 
constrained to conclude that a great recession of the cliffs and a great 
diminution in the area of the island have already resulted from it; 
for time, as well as violence, is a factor of this problem; and of the 
time that has elapsed since the island took its present attitude 
with respect to the sea, we are not well informed. In any case the 
irregularity of the shore line was such as to recall the inference we had 
made in Cornwall as to the small measure of the cliff retreat. Hence 
Jersey, and probably the other Channel islands as well, if explained in 
view of this inference, should not be regarded as small remnants much 
reduced by marine attack from a once large and continuous land area, 
but as moderately reduced masses of fundamental rocks, once sur- 
rounded and buried by covering strata, uplifted and peneplained; and 
then, after another uplift, left in relief by the relatively rapid down- 
wearing of the weaker covering strata ; finally, after a recent and slight 
submergence of the surrounding lowlands, violently attacked by the 
sea and now moderately cut back from their then developed outlines. 
It would be convenient to have a name for small forms of this kind as 
well as for the larger ones. 


A Tour 1n Brirrany.—We crossed from Jersey to St. Malo in 
Brittany, and were there conducted by Professor Antoine Vacher, then 
of the University of Rennes, now of Lille, around a well chosen route, 
on which we saw an excellent variety of scenery. The northern up- 
lands, submaturely dissected, had irregular sea cliffs and recently sub- 
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merged valleys. Cliffs of decreasing height were rare or absent. 
Hence, here again we found indications of a moderate measure of 
cliff retreat from an initial shore line produced by the transgression 
of the sea across a submerged lowland, until it stopped on the distinctly 
sloping border of an upland of more resistant rocks. Thus we felt 
for the third time the need of a more concise name for the total 
“thing” of which Brittany as well as Cornwall and Jersey was 
supposed to be the present phase. 

A fine branching embayment of the northern coast served to locate 
the city of St. Brieuc, an excellent center for local excursions in this 
picturesque district. In view of the typical development of branching 
embayments, here as well as on the other side of the Channel, it is 


Fic. 8.—The sloping cliffs of the uplands of northern Brittany, undercut by young 
sea cliffs; near St. Brieuc, looking west. 


singular that their simple explanation by the submergence of pre- 
viously eroded valleys was not invented on these long-known coasts ; 
and still more singular that, sixty years after its invention by Dana 
to account for the irregular sea-arms which he saw in certain Pacific 
islands when he was geologist of the Wilkes expedition, this simple 
explanation was still held to be in need of elementary elucidation when 
presented only a few years ago to the readers of the most scientific 
geographical journal published in France! 

Farther west a south-north valley, deeply incised in a remarkably 
even part of the northern upland belt, demanded the construction of 
one of the loftiest viaducts on the line of an east-west railroad. We 
crossed the viaduct in the evening and looked down from it on the 
lights of Morlaix deep beneath on the valley floor. The next morning 
we admired the great viaduct of two-storied stone arches as we drove 
from the town up the valley on our way southward across country. 
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Our route soon led us out of the valley over the even upland to its 
inner (southern) border, where it gradually passes into rolling hills 
of slowly increasing height. The transition is gradual and there is 
no sign of an ancient sea cliff; the transition seems to coincide with 
a change of rock resistance, of which the culmination was found in 
a long, high, narrow-crested ridge, following the east-west trend of 
a belt of vertical slates. Hence here, as in Cornwall, the upland was 
regarded as a subaerial peneplain, and not as a plain of marine denuda- 
tion. The sharp-crested slate ridge is a part of the northern one of two 
east-westerly ribs by which the uplands of Brittany are divided into 
several belts. After descending from the northern rib, we crossed an 
intermediate upland belt near its western end; its surface there is 
rolling, but it is trenched by an incised meandering valley of re- 
markably perfect development. The river that cut this valley must 
have learned to meander before the beginning of the present cycle of 
erosion, even if the cycle in which its meanders were developed was 
interrupted before all the neighboring hills had been deduced to a plain. 

Further progress southward took us through another rib to a 
southern upland. There we first turned westward to the extremity 
of one of the points that encloses the large bay at the western extremity 
of Brittany, a fine locality for the study of marine action on a dissected 
and partly submerged upland; then eastward to a middle part of the 
southern upland where it slopes to the sea and is transformed by 
submergence into a group of small islands, known as the Morbihan. 
Somewhat farther east we walked over the uplands where they are 
trenched by the transverse gorge of a south flowing river, the Vilaine; 
and afterwards following up this valley we came to a lowland excavated 
in an area of weak rocks within the central uplands. In this lowland 
lies the city of Rennes. During this delightful tour we found much 
confirmation of an impression that was formed during a shorter visit 
eleven years before; namely, that Brittany, like Devonshire-Cornwall, 
may be described chiefly in terms of two cycles of erosion; the first 
of which had reached an advanced stage when it was interrupted by 
the broad elevation which introduced the second; while the second 
reached a submature or mature stage when it suffered the slight and 
recent episode of depression, whereby the distal parts of the valleys 
were converted into little bays. 


Tue Catiep a “ Sxrov.”—As we were leaving Brittany we 
noted from the passing train, with the aid of our geological maps, 
how the crystalline rocks of the uplands disappear under the covering 
strata which dip gently eastward into the Paris basin. Our talk 
again returned to the “thing” for which a name was wanted, here 
as well as in Devonshire, and then, as if losing patience over the 
delay of our paraphrasing, I exclaimed; “Let us call the thing a 


— 
t 
| q 
f 
| 
a 
i 
q 


W. M. DAVIS—-GEOGRAPHICAL PILGRIMAGE FROM IRELAND TO ITALY 


it 


Fig. 9.—Five morvans. The first is the simplest example; its only special feature 
being a double uplift, resulting in two-cycle valleys in the hard-rock uplands: 
the angle of intersection between the two plains which truncate the hard-rock 
mass is small. The second has a larger angle between the two truncating 
surfaces of the hard-rock mass; the later surface is much interrupted by large 
monadnocks; and the higher valley-heads of the present cycle have been glaci- 
ated; a single monoclinal ridge rises from the lower plains near the mountain 
base. The third has for its older mass a body of stronger and weaker strata of 
folded structure, exhibiting Appalachian zigzags; while the overlying strata 
include four resistant members or cuesta makers, so grouped as to produce 
overlapping, close-set and open-spaced cuestas. The fourth has a mendip which 
interrupts the lowlands and indents the first cuesta. The fifth is a partly 
sea-girt morvan with a wholly sea-girt mendip near by. 
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Skiou!” Not that Skiou was a word of orthodox etymology, for it 
has no more ancestry than “ gas,” but that its adoption would cut 
short all vain dispute as to the rival claims of Latin and Greek roots. 
From that time forward, Skiou was used in our daily discussions and 
was recorded in our note-books. One pilgrim even went so far as 
to draw a series of block diagrams, representing skious of different 
kinds, varying with the different values of its variable elements. The 
word was regarded only as a provisional or slang term which might 
serve until something better was found, as stated below. 


A Visit To THE Limovsin.—Our next stop after Brittany was in 
a district of central France known as Limousin, which comprises the 
western part of the crystalline highlands; the eastern part where lavas 
become abundant being known as Auvergne. There we had the expert 
guidance of Albert Demangeon, then Professor of Geography at the 
University of Lille, now called to the University of Paris, who had 
the year before published an excellent article on this district. He 
showed it to consist of a rolling highland, sometimes smooth enough 
to be called a peneplain, above which rose a higher highland on which 
traces of a still earlier peneplain were detected, and beneath which 
valleys of later erosion were more or less sharply incised. An aberrant 
feature, west of the main body of the highlands, results from the 
occurrence of a body of weaker sedimentary strata, which had been 
faulted into the crystalline mass probably before the erosion of the 
higher highland, and which has now been broadly excavated to a late 
mature, in part to a nearly senile stage of low relief, in the same cycle 
of erosion as that in which the narrow valleys of the adjoining high- 
land were incised. This lowland basin with its subdued hills is 
therefore one of the many illustrations of the much more rapid advance 
of weak structures through a cycle of erosion than of hard structures. 
In the lowland and because of its low relief, lies the city of Brives, 
the largest center of population in the district. 

The crystalline highland and the weak-rock lowland are now 
separated by a well defined slope, nearly a thousand feet in descent, 
which seems tc be a good example of a fault-line scarp; that is, of a 
scarp due to the action of erosion on a faulted mass in a later cycle 
than the one that was introduced by the faulting. During the earlier 
part of the later cycle the resistant rocks stand up while the weaker 
rocks are worn down, and the fault surface which separates them is 
thus revealed, more or less battered by weathering and notched by 
ravines. In the latter part of the cycle, when the highlands are worn 
down, then the fault-line scarp of course disappears. A fault-line scarp 
thus defined, should be distinguished from a fault scarp, which is in- 
itially due to displacement, and on which erosion acts from the begin- 
ning not to reveal the scarp but to obliterate it. 
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The unsettled question that we discussed in the Limousin turned 
chiefly on the number of cycles of erosion which the features of the 
district exhibited, and which therefore ought to be mentioned in a 
geographical description. Some members recognized more cycles than 
did others; but all were agreed that it was desirable to phrase the 
description of the observed features in terms of the cycles of erosion 
that they have suffered, however many these may be; and also in 
terms of the stage of development that the successive cycles had 
reached when they were interrupted by the displacement which intro- 
duced the next cycle. 


Tue Votcanic District or Auverene.—On leaving the Limousin 
and entering the Auvergne, we came under the enthusiastic leader- 
ship of Ph. Glangeaud, Professor of Geology of the University of 
Clermont-Ferrand. We ascended from a deep glacial trough eroded 
in the northern slope of the ancient voleano which culminates in the 
Puy de Sancy, and met our guide near the summit. From there, 
as well as from the Puy de Déme farther east on a later day, he 
pointed out to us a great variety of most interesting features, among 
which were:—the rolling crystalline highland and the mature valleys 
eroded beneath it; the broad lowland plain known as the Limagne, 
excavated in a body of lacustrine sediments that are down-faulted 
next east of the crystalline highlands and separated from them by a 
fine fault-line scarp; young volcanoes, such as Puy Pariou with its 
perfect crater; dissected volcanoes, such as the Puy de Sancy and the 
larger Cantal to the south; young lava flows, ragged and barren, such 
as those which stretch from the symmetrical Puy Céme and which 
curiously obstruct the valley of the Sioule; or those from Pariou, 
which run down deep valleys in the eastern border of the highland 
and emerge on the lowland of the Limagne back of Clermont-Ferrand ; 
and those which issued from a small volcano with a breached crater 
farther south and ran several miles down a valley to the southeast, 
barring a branch valley on the way and thus forming the picturesque 
Lac d’Aydat; more ancient lava flows, weathered and soil covered, 
along the side of which gorges have been eroded, so that the columnar 
structure of the lavas is visible; still more ancient flows now stretching 
evenly across the fault by which the crystalline mass is terminated and 
extending forward in table-mountains on an underpinning of weak 
lacustrine sediments which they protect from the erosion that has 
elsewhere swept them away; and other ancient flows now standing 
up in isolated mesas, often associated with voleanic necks, over the 
excavated plain of the Limagne, thus proving conclusively that the 
lacustrine sediments once rose to the level of the crystalline highlands 
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on the west; and finally the oldest flow of all, which caps a low mound 
on the crystalline highlands. It was this last feature which suggested 
the only new point that our visit here brought forward; namely an 
attempt to correlate the beginning of volcanic activity in Auvergne with 
the cycles of erosion recognized by Professor Demangeon in the 
Limousin. The lava-capped crystalline mound, surmounting by fifty 
or more meters the general surface of the highland, indicated that the 
earliest eruption in Auvergne began before the end of the cycle in 
which the erosion of the broad highland, common to both provinces, 
was completed, and hence, before the elevation of the region to its 
present altitude. 

No district that we visited was more replete with geographic interest 
than this classic ground of Auvergne, where Desmarest in the eigh- 
teeth century and Scrope in the nineteenth established so many funda- 
mental principles on which our modern studies are based. It was 
noticeable, however, that although Auvergne has been minutely 
studied by geologists, it has not yet received geographical description 
in accordance with modern explanatory methods. 


Tue Morvan or Centrat France.—The Morvan, a northeastern 
extension of the central highlands where our next halt was made, was 
especially interesting because of its well defined limitation on the 
east and west by fault-line scarps. Here once more we found a 
structure which might be called a skiou. So well indeed did it represent 
the essential features of an ideal type, that since then the local name, 
Morvan, has been proposed as a formal substitute for the provisional 
name which we used during the Pilgrimage. We, therefore, now 
intend to describe the uplands of Devonshire-Cornwall and of Brittany, 
and the highlands on the central plateau of France, as morvans, 
writing the word with a small m, and pronouncing it for American 
use in our own fashion, as we do France and Paris. 

The original Morvan may be described as a morvan in which the 
first wearing down of the crystalline foundation was advanced to senile 
planation, probably in part at least by the waves of an ancient sea; 
in which the covering strata are the marls and limestones of the 
Paris basin; in which the tilting of the compound mass was very 
slight, perhaps a few degrees only, to the northwest; in which the 
first truncation after tilting was well advanced even on the crystallines 
sometimes locally reaching planation, but more generally not having 
gone beyond peneplanation, and occasionally failing to obliterate 
subdued monadnocks, one or two hundred meters in relief; in which 
the next following uplift was accomplished in two phases, the first 
being followed by a pause long enough for the erosion of mature 
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valleys in the crystalline area, and the second permitting the erosion 
of narrower young valleys of less depth in the distal parts of the 
mature valleys; in which the gently inclined covering strata on the 
north are so little eroded that the more resistant members still stand 
up, even crested and about as high as the Morvan highland, yet so much 
eroded that the weaker basal members are broadly excavated so as to 
produce a wide subsequent depression, enclosed by the inface of 
the first cuesta on one side and by the long stripped slope of the most 
ancient planation of the crystalline rocks on the other. On the east 
and west the highland is limited by fault-line scarps, as above stated ; 
and on the south by a broad depression excavated on an obliquely 
- transverse belt of down-folded or faulted weaker strata. The irregular 
rectangle thus defined measures about fifty kilometers on a side. 


Orner Morvans.—The uplands of Devonshire-Cornwall might 
now in their turn be described, following the explanation given for 
them above, as a morvan of irregular outline, measuring seventy miles 
north and south by sixty miles east and west, with a tapering south- 
westward extension about fifty miles in length; normally limited on 
the east by a distinct but irregular slope which descends to the newer 
peneplain that has been worn down on the weaker covering strata; 
and supposed formerly to have been limited in the same way on the 
north, west and south; but on those sides now cliffed by the sea in 
consequence of a recent depression by which the presumable lowlands 
thereabouts have been submerged: hence this example is on three sides 
a sea-rimmed morvan. 

The evident advantage of this style of description lies in the 
abundant meaning that is packed into the technical term, morvan, 
for if the reader already knows what the term means, a long general 
introductory description is cut out and the attention is at once turned 
to the special features which characterize the particular example 
under consideration. The term morvan may thus come to have in 
geography a value of the same kind, perhaps of the same degree, that 
is possessed by such a term as logarithm in mathematics. No mathe- 
matician would to-day delay his statement by presenting in paraphrase 
the somewhat elaborate meaning that is so conveniently packed into 
the single word logarithm; and so perhaps no geographer, fifty years 
hence, will embarrass himself and his readers by the long circum- 
locution that is required if morvan or some convenient term is not 
employed, when the thing that is meant by the term is to be considered. 

If this scheme of description is followed further, one might say 
that the Front Range of the Rocky Mountains in Colorado is a long 
morvan, of which the crystalline mass was long ago worn down to 
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a remarkably smooth surface, and buried under a heavy series of 
covering strata; that the compound mass was then bent in an east- 
facing monoclinal flexure of great north-south extent, with a maximum 
dip of some thirty degrees, but that the flexure was sometimes ripped 
into a fault; that the truncation of the flexed mass produced a fairly 
good peneplain over large parts of the crystalline area, but left good- 
sized monadnocks standing singly or in groups; that after the later 
uplift the covering strata, already smoothly worn down a first time 
in the previous cycle, were again, because of the broad uplifting of the 
region, worn down to a plain of vast extent, except for a few 
monoclinal ridges near the mountain border; while the uplifted or 
up-arched peneplain of the crystalline rocks was only submaturely 
dissected, and in its higher valleys strongly glaciated, as has already 
been set forth without the use of the term morvan, in an earlier 
article in these Annals. 


Morvans anp Menpips.—Whether the island of Jersey should be 
described as a sea-rimmed morvan is doubtful; for so long as the 
inferred surrounding strata are invisible, it can not be determined 
whether the crystalline rocks of the island gained the height that 
they once possessed above the level of the upland peneplain by deforma- 
tion after burial, as is implied in typical morvans, or whether the 
former height of the crystallines above the level of the upland pene- 
plain was simply due to the mountainous relief of the fundamental 
surface before and during the deposition of the covering strata. A 
standard example of the latter relation in England is found in the 
Mendip hills, which rise through the covering strata east of Devonshire 
without deforming their moderate eastward dip; an equally good 
American example is seen in Baraboo Ridge south of the crystalline 
highlands of Wisconsin. The small size of the Channel Islands may 
be taken to indicate that they are more probably sea-girt mendips 
than sea-girt morvans. 


Tue VaLiey or THE ArmMancgon.—A short detour was made to the 
northwest from the Morvan, so as to examine one of the larger conse- 
quent valleys—that of the Armangon, a member of the Seine system— 
by which the broadly truncated strata of the Paris basin are to-day 
incised. The few days spent there were profitable in discovering 
many details characteristic of a valley of this kind; the most notable 
of which are due to the occurrence of overlapping cuestas, that is, of 
cuestas separated by so narrow a subsequent lowland that the back slope 
of one cuesta descends into the mouth of each transverse valley that is 
eroded in the next. Another interesting detail is that the valley of the 
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Armancon, which often has a rather direct course, must nevertheless 
have been carved by a meandering river; for its course is meandering 
wherever the resistant cuesta-making strata descend to the level of 
the valley floor. There the valley is not yet widened sufficiently to 
destroy the meandering form that presumably existed all along its 
length in an earlier stage of its erosion; but wherever the lower slope 
of the valley sides is occupied by weak strata, they waste easily and 
sap any harder strata that may overlie them. Hence, in these 
stretches the valley has already been so much widened that all traces 
of its earlier meanders are lost. 

The occurrence here of several successive cuestas so close together 
that they overlap suggests the need of selected adjectives for the 
description of cuestas in terms of the distance that separates them. 
Thus we may speak of overlapping cuestas, as in the present case; of 
close-set cuestas, where the back slope of one, as it descends into the 
floor of a longitudinal valley, just reaches the inface of the next; and 
open-spaced cuestas, where a broad lowland is developed between 
the back slope of one and the inface of the next. The controlling 
factors for these three cases are chiefly the thickness of the several 
strata in the cuesta-making series, the dip of the series, the depth of 
the dissection, and the stage of erosion. 


Tue Jura Mountarns.—In the Jura Mountains we were met by 
Dr. Fritz Nussbaum of the University of Bern and Mr. Wyss, one of 
his students who was engaged in a special study of that district. We 
spent several days under their guidance in trying to determine whether 
these mountains bear the marks of two cycles of erosion, separated by 
a broad uplift with little deformation, as is believed by Briickner and 
Machatschek ; and if so, what stages of erosion were reached in each 
cycle. The occurrence of several reduced or truncated anticlines of 
resistant limestone led us to accept the two cycle theory, and to regard 
the first cycle as having reached a far advanced stage over large areas, 
although strong residual reliefs seem to have survived where the 
strongest limestone anticlines, even if much reduced in mass, rose well 
above the level of truncation elsewhere detected. The second cycle 
has already produced old forms in the synclines of weak strata, but 
the valleys that cut through the strong limestone anticlines are still 
narrow and young, with abundant rock outcrops and frequent rapids 
in their streams. This conclusion was reached with some regret, for 
the Jura Mountains, considered as a one cycle range, had a high 
pedagogical value. Now that they must be displaced from the 
elementary position in which they have been long classed, where shall 
we find a one-cycle mountain range of folded structure with which to 
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replace them? It is to be noted, however, that if the Jura mountains 
are to be regarded as a two-cycle range, the difficulty of accounting 
for the transverse watergaps or “cluses ” through the hard limestone 
anticlines, is apparently lessened by removing the origin of the trans- 
verse streams from the little advanced current cycle to the much 
farther advanced preceding cycle. 

Before entering the Alps we visited, under Dr. Nussbaum’s guidance, 
the hilly piedmont district between Bern and Luzern. The forms 
here seen were entirely the product of normal erosion; but along 
the streams our leader pointed out the several terraces which are 
correlated with the successive glacial epochs of the neighboring Alpine 
valleys. 


OvERDEEPENED VALLEYS IN THE ALps.—Our traverse of the Alps 
from Luzern to Lake Maggiore by way of the Briinig, Grimsel, Furka 
and St. Gotthard passes, was a memorable experience, even though 
the walk over the Furka was in clouds and rain. The finest part of 
this trip was the two-days walk from Meiringen up the Aar valley and 
over the Grimsel pass to the head of the Rhone. The profound 
influence of glacial erosion was, to our eyes, indisputable. The heavy 
limestone sill across the broad trough floor, by which the basin of 
Innetkirchen is inclosed a short distance above Meiringen, and the 
narrow slit of the Aar gorge through the sill, were most impressive 
illustrations of what ice cannot do and what water can do; or, if the 
reader prefers, of what ice can do and what water can not do. Hang- 
ing lateral valleys were too abundant to count. We looked with 
especial care at the form of the overdeepened trough for a score of 
miles or more, to determine to what extent its excavation had been 
preceded by the normal erosion of a sharp trench in the floor of the 
mature preglacial valley, as suggested by de Martonne; and we were 
obliged to reject such trenching as an essential precursor to deep 
glacial erosion of main valleys below side valleys, not merely because 
we found no signs of it, but because the occurrence of two-storied 
hanging valleys, of which we saw several examples, is essentially 
inconsistent with it. By two-story hanging valleys, we mean lofty 
branch valleys which hang over middle-height side valleys, which in 
turn hang above overdeepened main valleys; all these valleys having 
the well-defined trough form that is indicative of strong glacial erosion. 
The occurrence of two-story hanging valleys demands strong erosive 
power on the part of the mid-height side glacier, independent of any 
gorge that may be supposed to have been trenched in the floor of the 
main valley in immediately preglacial time; and if we are obliged 
to attribute strong erosive power to medium-sized side glaciers, we 
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must attribute still greater erosive power to the main glacier, which 
therefore can have excavated its great overdeepened trough about as 
easily without as with the aid of a preparatory gorge of normal erosion. 

It is perhaps true that, as de Martonne urges, the preparatory 
erosion of a normal gorge in the floor of a mature valley would facili- 
tate the excavation of an overdeepened trough by glacial erosion; but 
even if so, it does not follow that this favorable condition was pre- 
sented. The ancient glaciers may have had to do their work under 
conditions less favorable than the best. A more general objection 
to the idea that preglacial gorges are necessary aids to the glacial 
overdeepening of main valleys is found in the widespread occurrence 
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Fic. 10.—Diagram from a rough sketch of a two-story hanging valley on the 
west side of the Aar valley, near Handeck on the road over the Grismsel pass; 
looking northwest. 


of mountain ranges in which the various features resulting from strong 
glacial erosion are easily recognized. If the production of these fea- 
tures by glacial erosion was dependent upon the preparatory erosion 
of narrow gorges in mature valleys in immediately preglacial time, 
we should then have to postulate a revival of normal erosion in all 
formerly glaciated mountains shortly before their glaciation took place. 
While this is not impossible, it is so special a condition that it is 
extremely improbable. To assume it would embarrass more than it 
would aid the theory of glacial erosion. 

Close attention was furthermore given in the Aar valley to the 
occurrence of benches on the valley sides, from which successive 
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epochs of glacial overdeepening have been inferred by some observers. 
Various opinions were held on this point by different pilgrims. For 
my own part, while it was easy to recognize one great trough of 
somewhat irregular or immature form, excavated beneath the higher 
mountain slopes, and while it was easy to see changes of slope in many 
profiles of the trough walls, the benches thus indicated were too ill- 
defined, too irregular, and too discontinous to be accepted as proving 
the glacial excavation of a sucession of troughs of smaller and smaller 
size to greater and greater depths. 


Laxe Maceiorr.—Our walk from Hospental over the St. Gotthard 
pass and thence down the valley of the Ticino, with several long lifts 


Fic. 11.—The Guspistal, a well defined hanging valley south ‘of Hospental, as 
seen from road over the St. Gotthard pass; looking southeast. 


by train, only confirmed the impressions gained in the valley of the 
Aar. The valley of the Ticino and its extension in the basin of 
Lake Maggiore can be confidently recommended to any observer, 
already familiar with mountains and valleys of normal erosion, who 
wishes to find conclusive evidence by which to settle the question of 
glacial erosion. Hanging lateral valleys abound in the mountain slopes 
above the lake waters, as well as farther up the Ticino. Moreover, we 
now have for the valley Lautensach’s thesis, “ Die Uebertiefung des 
Tessingebietes.”* For the lake there is no detailed description which 
*Penck’s Geogr. Abhandl., Berlin, 1912. 
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discusses in sufficient detail the smoothness of the trough at and below 
the lake level, and the countless normal valleys by which the trough 
sides are dissected above the lake level. It was interesting to find 
on the Italian maps of the lake that its western arm, where a large 
branch glacier came down from the Simplon pass, is of much less 
depth than its main trough, and that there appears to be an abrupt 
increase of depth where one joins the other, as if the western arm were 


a submerged hanging valley. 


AN 


Fic. 12.—Front view of the Guspistal, showing 
the connecting gorge; looking east. 


We were joined at the head of this beautiful lake by Professors 
Olinto Marinelli of Florence and Guiseppi Ricchieri of Milan, who 
then acted as our guides until the party broke up at Lugano a few days 
later. We had their pleasant company during an ascent by inclined 
railway of Monte Mottarone next south of the west arm of Maggiore, 
and during a delightful afternoon in a morainic amphitheater formed 
by an out-going branch of the Ticino-Maggiore glacier which excavated 
the small distributary basin of Lake Varese, a typical example of its 
kind in a densely populated and closely cultivated district of great 
scenic beauty. The party disbanded at Lugano. 


| 
| 
| 
SAWN 
AS 
Bx 


ANNALS OF THE AssocIATION oF AMERICAN GEOGRAPHERS 
Volume II, pp. 101-104 


MEMOIR OF CHRISTOPHER WEBBER HALL 


LAWRENCE MARTIN 


Professor C. W. Hall, of the University of Minnesota, a charter 
member of the Association of American Geographers, died at Minne- 
apolis, May 11th, 1911, at the age of 66 years.* 

He was born February 28th, 1845, at Wardsboro, Windham County, 
Vermont. His father, Lewis Hall, was a well-to-do farmer and his 
mother, Louisa Wilder Hall, was the daughter of a tanner. 

Professor Hall obtained his early education in the district schools 
of Vermont, after which he studied in the academies at Townsend 
and Chester, where he prepared for college. He paid his way by 
teaching penmanship. He graduated from Middlebury College, Ver- 
mont, in 1871 as Bachelor of Arts and received the degree of Master 
of Arts from the same institution in 1874. While in college he won 
a botanical prize and was on the Waldo Foundation for two years. 
His scholarship was so excellent that he was elected to Phi Beta Kappa. 

After graduating from college he was principal of Glens Falls 
Academy, New York, for one year. At the end of this year he moved 
to Minnesota, where he lived and worked the remainder of his life. 
He was principal of the Mankato High School, for a year, and superin- 
tendent of city schools at Owatonna, Minnesota, for two years. In 
1875 he resigned in order to continue his scientific studies abroad, 
going to Leipzig, Germany, where he studied geology and allied 
subjects for two and a half years. On his return, he gave a course 
of lectures at Middlebury College. 

In April, 1878, he was called to the University of Minnesota as 
instructor in geology, was made assistant professor the following year, 
and professor a year later. The rest of his life was given up to 
teaching at the University of Minnesota, and to field work, which was 
largely within that state. He was professor of geology, mineralogy, 
and biology from 1880 to 1890, and professor of geology and miner- 
alogy from 1890 to 1911. He was head of the department of geology. 

In 1892 he was made Dean of the College of Engineering, then 
ealled the College of Mining, Metallurgy and Mechanical Arts, continu- 
ing this work for five years. He did much to put the College of 
Engineering on an effective basis. He was also instrumental in secur- 


* Many of the details concerning Professor Hall’s life have been furnished by 
Professors F. W. Sardeson and E. M. Lehnerts of the University of Minnesota. 
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ing an annual appropriation for maintaining and developing the School 
of Mines, and in urging the appropriation of funds for the laboratory 
for the testing of structural materials. He secured by subscription 
$5,000 from the business men of Minneapolis to construct an ore- 
testing plant on a commercial basis. It is said by one of his colleagues 
that the development of the scientific technical work of the institution 
to its present broad and comprehensive scope has been largely due to 
Professor Hall’s active and persistent efforts. He also foresaw the need 
of a School of Mines of the highest rank and earnestly recommended 
its establishment in order to meet the demands upon the state univer- 
sity, created by the discovery and operation of the rich iron mines 
and the clay and quarry industries in Minnesota. 

During his first years at the University of Minnesota, Professor 
Hall was assistant geologist on the Geological and Natural History 
Survey of the state, and from 1883 to the time of his death he was 
assistant geologist of the United States Geological Survey. During 
his many summers of field work he traversed nearly every portion of 
the state of Minnesota, going over many of the counties in great de- 
tail. Within this period, and during a year’s leave of absence in 
Europe in 1897-1898, he did much to familiarize himself with the 
physical features of the land and their relationships to human affairs. 
In the winter of 1908-9 Professor Hall went to South America where 
he attended the Pan-American Congress at Santiago. 

Besides being a member of our own Association, Professor Hall 
was a fellow of the Geological Society of America; a fellow of the 
American Association for the Advancement of Science; a member 
of the National Geographic Society; a member of the Minnesota 
Geographical Society; a member of the Society for the Promotion 
of Engineering Education, and of the Minnesota Academy of 
Natural Sciences. For many years he was editor of the Transactions 
of the Minnesota Academy. He was secretary and administrative 
officer of that society for 14 years, and its president in 1900 and 
1905. In 1910 he was vice-president of the American Association 
for the Advancement of Science, presiding over the meetings of 
Section E., Geology, and Geography, at the Minneapolis meeting. 

While Professor Hall was interested in geography throughout his 
career, he fostered its development chiefly in his later years, both by 
teaching in the University, and in his own field work. He was one 
of the rapidly-diminishing number of American geologists who was 
trained in and connected with all of the branches of the subject, so 
that while his geographic work did not attain to the degree of special- 
ization which is possible where one is not teaching and working in 
general geology, mineralogy, petrography, historical geology, struc- 
tural geology, water resources, etc., as well as geography, the broad- 
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ness of view of the relationships of geography to the larger subject 
of geology was well maintained. 

The modern trend toward specialization is shown, however, in 
Professor Hall’s life. He started as a naturalist, of the good, old- 
fashioned type which is now all but gone. From 1878 to 1884 he 
taught all the natural and physical science at the University of 
Minnesota, with the exception of chemistry. Later he taught nothing 
but geology and mineralogy, but he was a man of sufficient all-round 
training so that he was able to make an efficient dean of the College 
of Engineering. Still later he had specialized sufficiently in geology 
so that he treated technically. in teaching and investigation, various 
subjects in geology, and his tendency toward geography is shown 
by three lines of activity. 

His special geographic interest is evidenced, first, by the courses 
that he gave at the University of Minnesota, where he introduced 
geography as a subject of instruction. He seems to have first taught 
the subject there about 1900. His course on The Geography and 
Geology of Minnesota dealt, in his own words, with “ the physical 
geography of the state in its relations to geological history and indus- 
trial development.” This course he retained to the time of his death. 
A little later he introduced a course in Physiography, giving also to 
this course the fundamental relationship to human affairs that char- 
acterized his treatment of the geography of the state. The physical 
geography course treated, as Professor Hall said, “the principles 
of earth sculpture with special reference to ethnic movements and 
commercial activities of man.” 

His publications contained many geographical and educational 
topics, including a syllabus of physical geography and a book on The 
Geography and Geology of Minnesota. This book, published in 1903, 
fully attains the aim of the author, as stated in the preface, of a 
work “not written in the style usual in the textbooks of the schools. 
It is prepared rather to read.” Hall’s Geography of Minnesota is em- 
inently readable. Comprehensive, authoritative, simple, — this little 
monograph on state geography is interesting. In writing it, he stated 
in his modest style, what the book amply accomplished, that “ if 
interest be aroused and attention directed in a plain scientific way to 
the wealth of geographic illustration Minnesota affords, the object 
of the author is realized.” 

The third outward and visible sign of Professor Hall’s geographic 
labor — his affiliation with co-workers in geography, is known to mem- 
bers of this Association who have welcomed him in his occasional at- 
tendance at our meetings. At the 1906 meeting in New York he gave 
a paper on “A Climatological Cause of the Prairies.” The following 
year, at the Chicago meeting, he gave a paper on “The Conservation 
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of the. Upper Mississippi River.” Less familiar to us is the way 
he fostered geography in his own community by organizing the 
Minnesota Geographical Society, of which he was the first president. 

His personality was attractive, objective, virile. Coming from sturdy 
Vermont stock he undoubtedly added strength to the community in 
which he dwelt and worked, in the Northwest. He pioneered in 
Minnesota when the country still partook somewhat of the frontier 
character. Doubtless his geographical appreciation was aided by the 
clearness of geographical relationships always to be seen in a region 
growing from the borderland stages to the settled conditions by which 
Professor Hall was surrounded in the later years of his life. The 
state in which he lived, however, still retains, in its unsettled 
northern wildness, the crude and obvious frontier relationships of 
geography to man. 

A man of less vigorous personality would have seen and made use 
of much less in the geography of Minnesota than this lately-departed 
friend of ours, who combined much that was best of Vermont and 
Minnesota, of broad naturalist and technical geographer. 

Professor Hall was in politics a broad-gauged Republican, but he 
never sought nor held office. He was twice married, in 1875 to Ellen 
A. Dunnell, who lived only seven months after their marriage, and 
again in 1883 to Sophia Seely Haight, who died in 1891, leaving one 
daughter. His physical activity and strong method of verbal and 
written presentation made him a forceful personality, to whom many 
students and friends in the Middle West owe much for the develop- 
ment of a geographical point of view, and with whom the members 
of the Association of American Geographers may well join in express- 
ing their regret at his loss. 

In conclusion, let me quote his own words regarding our subject. 
They reflect much of the spirit and style of the man. He says 
geography is “a new field for obtaining intellectual satisfaction. It 
gives redoubled relish to travel, furnishes crumbs of comfort to 
those who remain at home and becomes the formula for solving 
economic and social problems. The causes of geographic forms 
arouse inquiry; their cycle of development can be followed and the 
maturing conditions of each stage become better understood. It is 
then appreciated that land forms have a history as well as the insti- 
tutions which are founded upon them. Given this appreciation, and 
such a study of geography as shall make clear the causes of events 
and associate them with those geographic conditions that establish 
the relations of earth and man, and the study becomes scientific; 
Geography is a Science.” 
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Presidential Address—Ralph S. Tarr. 
The Glaciers and Glaciation of Alaska.—Printed in full herewith. 


Lawrence Martin. 
Memorial] of Christopher Webber Hall.—Printed in full herewith. 


N. M. Fenneman. 
A Classification of Natural Resources for the Use of Conser- 
vationists. 


One reason for a confusion and sometimes a doubt in the public 
mind with reference to conservation policies, is the failure to classify 
natural resources and limit statements to the class for which they 
are intended. The scheme here suggested provides four classes: 

Class A — Natural forces and stores of materials which are not 
only inexhaustible, but practically unlimited. 

Class B — Forces and stores not subject to exhaustion, but strictly 
limited in quantity. 

Class C — Exhaustible stores which are reproduced at slow but 
perceptible rates. 

Class D — Exhaustible stores which can not be replenished. 

Much of the hope of the human race lies in Class A. [Illustrate 
by the successful appropriation of atmospheric nitrogen; supply of 
clays, cement materials, etc.; possible direct use of sun’s rays. 
Class B is illustrated by the land (soil) and by water power, per- 
manent in their nature, rising in value and capable of being monop- 
olized. In this class lies the chief danger to republican institutions. 
Of Class C (forests, useful wild animals like the elephant, etc.) the 
annual crop only must be used (as will be done with forests) or the 
kind exterminated (as may be done with elephants). Resources of 
Class D (illustrated by coal, most metals and some fertilizers) will be 
exhausted. The period of their exploitation will be a brief epoch in 
the history of the race. Conservation should retard the process of 
exhaustion in order to reduce as much as possible the hardships of 
transition to the new order. 


Richard E. Dodge. 
Geography and Human Construction. 
Tilustrations were given of results from building or construction 
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to meet average rather than extreme physical conditions, as seen in 
sewers too small to carry off excessive rainfall, in water and gas pipes 
not laid below extreme frost depth, walls and dams not built to meet 
extreme soil or water pressures, and similar instances. 


Mark Jefferson. 
Houses and House Materials in West Europe. 


The house, especially of the poor man, is made of the materials 
nearest at hand: if among abundant forests, of wood; where the 
forest is lacking, of stone or brick. Roofs are especially sensitive 
to the influence of local building materials, from their exposure to 
the weather and consequent frequent need of repairs. Where some 
fissile rock abounds, they are of slate-like slabs; where the rock is 
clayey, of tiles; in the forest, of shingles; the poorest house often 
having thatch in any country where neither shingles nor slates are to 
be had. 

Inheritance, however, is also to be reckoned with. 


J. Walter Fewkes. 
The People of the Junipers: A Study in Human Geography.— 
Read by Title. 


R. H. Whitbeck. 
Industries of Wisconsin and Their Geographic Basis.—Printed in 
full herewith. 


C. F. Marbut. 
The Relation of the Glacial Lake Deposits of Central New York 
to Soil Mapping. 

The author called attention to the recent work of the Bureau of 
Soils in Monroe and Ontario Counties, New York, and invited dis- 
cussion and criticism of the work as well as of the system of soil 
classification adopted for the region. 


H. H. Bennett (Introduced by C. F. Marbut). 
The “ Flatwoods ” of the Coastal Plain and Its Soils.— Presented 
in Abstract. 


The author defined the term “Flatwoods” and described its 
general physiography. Its soils were discussed with reference to their 
physiographic relations illustrated by the soil maps of Georgetown 
County, South Carolina, and Glynn County, Georgia. The relation 
of soils and physiography to population was discussed, with especial 
reference to the agriculture of the region. 

C. F. Marbut. 


The Geography of the Ozark Dome and the Boston Mountain 
Plateau in Missouri and Arkansas. 
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The author undertook to show the relations to each other of the 
various members of the Ozark highland system and compared the 
region as a whole with the Appalachian region. The physiography 
and general character of the soils were described and the relation 
of these two factors to the history and present condition of the popu- 
lation of the region was discussed. 


Mark Jefferson. 
The Anthropography of North America. 


The Map.—Interpretation of the map.—The point of view geog- 
raphic, i. e., that there is a human response to environment which 
may be made out on such a map, the grades of density, their selection 
and history. The U. S. Census grades, influence of the point of 
view, treatment of cities, treatment of forests, isanthropic lines, the 
data and their treatment. 


Henry C. Cowles. 
An International Phytogeographic Excursion.—Read by Title. 


In August, 1911, there was initiated in England a type of excur- 
sion that is likely to be repeated in other countries. The British 
phytogeographers had invited guests from various countries to spend 
a month with them in studying together selected areas of phytogeo- 


graphic interest. The results of this excursion are likely to prove 
of inestimable value. 


Alexander G. Ruthven. 
The Local Distribution of the ReptileAmphibian Fauna in 
Southern Vera Cruz and Its Bearing on the Origin of the 
Savannahs.—Printed in full herewith. 


Stephen A. Forbes (Introduced by R. S. Tarr). 
Some Features of the Geographical Distribution of Illinois 
Fishes. 

As one of the products of a long series of collections of Illinois 
fishes, extending over about thirty years, a set of maps of the state 
was prepared showing the Illinois distribution of each species. In 
searching for the cause of the peculiar limitation of the distribution 
of a considerable number of fishes, it was found that the area appar- 
ently avoided by them was that of the lower Illinoisan glaciation. 
The waters of this glaciation are very remarkable for their persistent 
turbidity, due to an extremely fine division of the soil such that the 
water can not be rendered clear by repeated filtration with the finest 
filtering papers. These soils are also slightly acid, and their particles 
are consequently not aggregated into so-called granules, but remain 
mechanically separate. 

On a comparison of the situations in which the fishes of the above 
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mentioned group are generally found with the situations in which 
other Illinois species occur, it appeared that they are characterized, 
as a group, by their avoidance of muddy waters, from which it was 
inferred that the persistent turbidity of the waters of the lower 
Tllinoisan glaciation was the cause of the scarcity of the fishes of 
this group in that environment. As the collections were originally 
made without reference to this hypothesis, which was framed as a 
result of their study, it was thought best to test them by additional 
collections made over the same area. This was done during the 
summer of 1911, with the result that the distribution maps of the 
species of this particular list were scarcely changed by the collections 
made within and without the area of the lower Illinoisan glaciation. 

From the foregoing it may be inferred that the local distribution 
of Illinois fishes has been considerably influenced by the geological 
history of the lower Illinois glaciation. 


W. M. Davis. 
A Geographical Pilgrimage from Ireland to Italy.—Printed in 
full herewith. 


W. M. Davis. 
The Trans-Continental Excursion of the American Geograph- 
ical Society in 1912. 


H. L. Bridgman. 
Exploration. Its Conditions and Rewards.—Read by Title. 


Isaiah Bowman. 
The Geographical Results of the Yale Peruvian Expedition.— 
Read by Title. 


The paper presented a description of geographic work and results, 
the physiography of the Andine Cordillera from the mouth of the 
Timpia to Caman4, human relationships, a series of new topographic 
maps illustrating the chief physiographic problems, temperature 
curves and notes on climate, the problem of the andenes or artificial 
terraces, ete. 


Sumner W. Cushing (Introduced by R. 8S. Tarr). 
The East Coast of India—Some of Its Geographic Factors. 


There extends along the east coast of India, from Cape Comorin 
to near Calcutta and from the Bay of Bengal some: sixty miles inland, 
a strip of country that is made up successively from west to east of 
an elevated peneplain of highly distorted rocks that is nearing 
maturity, a plain of marine denudation from which rise many out- 
liers, a mature coastal plain the soil of which is thoroughly “ lat- 
eritized,” and a young coastal plain the continuity of which is inter- 
rupted by numerous large deltas. These land forms present conspicu- 
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ously different environments and their occupants yield correspond- 
ingly different responses. 


Philip S. Smith. 
The Noatak River, Alaska.—Printed in full herewith. 


Roland M. Harper. 
The Relation of Geography to Certain other Branches of Learning. 


The subjects considered were geology, physiography, hydrography, 
climatology, botany, zodlogy, anthropology, ethnology, sociology, econ- 
omics, biography, history, pedagogy, cartography, and a few others 
which are of less importance or subordinate to those already named. 
An outline classification of the geographical phases of the related 
sciences was included. 


R. H. Whitbeck. 
An Estimate of Miss Semple’s Influences of Geographic Environ- 
ment. 


W. L. G. Joerg. 
On the Proper Map for Determining the Location of Earth- 
quakes.—Printed in full herewith. 


R. H. Sargent (Introduced by Alfred H. Brooks). 


The Principles and Methods Employed in Making Topographic 
Maps. 


This paper outlined the principles and methods employed in the 
construction of the topographic maps of the U. S. Geological Survey. 
While the principles in all topographic surveys are the same, the 
methods of applying these principles differ widely, being governed 
by the purposes of the survey and the conditions under which they 
are made. 

The preparation of topographic maps may be divided into three 
stages: 

(1) The field surveys, which are essentially by plane-table method. 

(2) The assembling of the field data. 

(3) The engraving, proof-reading, and printing. 


F. E. Matthes. 
The Map of the Yosemite Valley: An Analysis. 


This map is unusually instructive in that it suggests certain funda- 
mental principles of topographic delineation not generally observed 
by map makers. It portrays a multitude of relief forms of a some- 
what unusual category, namely, details of cliff sculpture produced 
by erosion in rocks of aberrant structural habit. These features, 
it so happens, are of great importance in the Yosemite landscape—it 
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is in them that the principal chapter of the Yosemite Valley is to 
be read. Fortunately, the scale and contour interval selected were 
adequate for their detailed representation; also, the delineation was 
executed with consistency throughout, all features of the same 
order of importance being shown with equal distinctness and exact- 
ness. As a consequence, the Yosemite map has turned out to be 
invaluable as an adjunct in the study of the Yosemite problem— 
indeed, but for this map that problem might be as far from solution 
today as ever. It tells a story—the story of cliff sculpture guided 
by rock structure—and tells it with clearness. Had the scale been 
smaller or the interval larger, the map would have cost less, no doubt, 
but would have failed to tell the story and its value to the physiog- 
rapher would have been insignificant. Had the map been made on 
a larger scale and with a smaller interval, the cost would have been 
greater, but the story would not have been added to one jot. 

The lesson to be drawn from the case is that for every landscape 
there is a certain scale which, with an appropriate contour interval, 
and at the hands of a competent delineator, yields to the physiog- 
rapher the maximum value obtainable. Whether the inquiry be min- 
ute and detailed in character or synthetic and of broad scope, in 
each case there is a scale of maximum efficiency and therefore maxi- 
mum economy dictated by the size of the topographic units involved. 
The success of the Yosemite map suggests the application of this 
principle to other maps. 


Ralph S. Tarr. 
The “Atlas Photographique des Formes du Relief Terrestre.” 


G. W. Littlehales. 

The Exploration of the West Indian Seas in the Approaches to 
the Panama Canal as a Resource in Oceanography.—Read 
by Title. 

The key to the advancement of the science of oceanography is to 
be found in the western part of the Atlantic Ocean, and especially 
in the West Indian Seas. Relations partly of a primary and partly 
of a secondary nature have been revealed, in the movements of these 
waters and in their properties of temperature, density, and salinity, 
which make it appear that the laws of the fluctuations of the Atlantic 
currents in regard to strength and temperature are to be looked for 
here. A study of the causes of these changes can be made of great 
economic and industrial importance because the accessions to our 
knowledge thus gained will furnish fresh means with which we can 
both diminish the adverse influence exercised upon transportation 
by the agencies of the sea, and also foresee those effects which are 
reflected in the weather and industries on land on account of oceanic 


changes. 
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W. J. McGee. 
The Relation between Ground Water and Streams. 


The chief source of normal streams is ground water entering the 
channels by seepage—in fact the normal water level in streams marks 
the coincidence between “the base level of erosion” as defined by 
Powell, and “the ground level of water” as recently defined by the 
author (“ Soil Erosion,” Bureau of Soils Bulletin 71, 1911, p. 28). Ac- 
cordingly, not only the regimen of normal streams but their volume and 
abundance are affected by the quantity and movement of the ground 
water. It is estimated that in the humid portion of the country the 
volume within the first hundred feet is equivalent to a reservoir 
twenty-five feet in average depth or to six or seven years’ rainfall, 
and that the ground water of the entire country within a hundred 
feet from the surface may roughly be estimated at 50,000,000,000 
acre feet. Since settlement of the country (largely by reason of 
clearing and cultivation), the ground water has suffered a depletion 
marked by falling of springs, disappearance of small streams, and 
the decreased volume or increased fluctuation in larger streams. 
Recently, an attempt to determine the volume and the rate of de 
pletion of the ground water reservoir has been undertaken by means 
of a well census extending into nearly every county in the United 
States. In nine states the lowering of ground water during a mean 
period of about twenty-two years has been found to average 1.315 
feet per decade, or with moderate allowance for new wells, 1.73, 
equivalent to 13.8 during the eighty years since settlement. The rates 
of lowering vary from state to state in such manner as to indicate that 
the subterranean reservoir moves slowly down slopes, generally (though 
not always) in directions corresponding with the surface flow; also, 
that in Missouri the ground water level is partly maintained by 
underflow from the Plains and mountains further westward; that in 
Ohio the level is maintained partly by seepage from Lake Erie and 
that in Kentucky and Tennessee the underflow from the Appalachians 
helps to maintain the ground water level in the low-lying section. 


N. H. Darton. 
The Buried Valley of Susquehanna River, Luzerne County, Pa. 


In investigating certain economic problems in the northern anthra- 
cite coal field, the writer obtained records of a large number of bore 
holes through the valley filling of the Susquehanna River in Luzerne 
County, Pa. These holes have afforded data for preparation of a new 
map showing the configuration of the rock floor of the old valley now 
filled with from 50 to 309 feet of sand, gravel, and clay. The valley 
bottom consists of elongated basins and irregular ridges which prob- 
ably were shaped in the Glacial Epoch, but the conditions under which 
they were eroded are enigmatical. 
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Collier Cobb. 
The Hanging Valleys of Alabama. 


Frank B. Taylor. 
The Early Part of Niagara History. 


R. S. Tarr and Lawrence Martin. 
An Effort to Control a Glacial Stream.—Printed in full herewith. 


Douglas Wilson Johnson. 
Beach Ridges of Northern and Southern Sweden.—Read by Title. 
There is a well established belief in the progressive elevation of the 
Baltic Coast of northern Sweden during historic time, while many 
believe that southern Sweden has at the same time been gradually 
subsiding. A study of the beach ridges of the northern coast shows 
that there is a progressive increase in altitude of the ridges as one 
goes inland from the present shoreline; a fact which indicates pro- 
gressive elevation without proving its recency. The character of the 
vegetation near the water’s edge suggests recent uplift of the coast, 
but the ages of trees not far above water level show that the rate of 
uplift can not have been so rapid as is generally assumed. In 
southern Sweden the beach ridges indicate long continued coastal sta- 
bility. The form of the ridges, and the position of ruins of ancient 
mounds, dwellings, and castles which are found upon some of them, 
prove there can have been no marked subsidence of the land in this 
region for several thousand years at least. 


Douglas Wilson Johnson. 
The Border of the Wash and the Norfolk Broads, England.—Read 
by Title. 

The fenlands surrounding the Wash, and the marshes included in 
the district of the Norfolk Broads, have experienced remarkable changes 
in character within historic times, partly due to man’s power to alter 
his environment, and partly to favorable changes effected by the forces 
of nature. Some of the changes were described, especial emphasis 
being laid upon those which had already produced, or which might 
in the future produce, a fictitious appearance of coastal elevation or 
coastal subsidence. 


Robert Anderson (Introduced by Cleveland Abbe). 
Geographic Features of Trinidad. 

This paper gave a brief account of the more important geographic 
features of Trinidad. with special reference to the relation of surface 
features to the geology, and the relation of the island as a whole to 
the Windward Islands and the South American continent. 

A. Lawrence Rotch. 

Fog Formation. 

Fog is an important climatie factor in regulating the temperature 
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and moisture over the land, but contributes danger to locomotion and 
navigation. Its distribution, therefore, has been plotted by climatolo- 
gists and some attempts made to predict its occurrence. The various 
methods of formation are little understood and no distinction is usually 
made between fog and cloud which covers hills or mountains. 

A study of the cause of fog, especially along the Atlantic and Pacific 
Coasts, is in progress by Mr. E. P. Linsley, formerly assistant at the 
University of California, but now a graduate student at Harvard Uni- 
versity, under the direction of the author. Special observations with 
kites may be made at Blue Hill Observatory where there are continu- 
ous observations of temperature at stations differing in height by 600 
feet. The great focus of fog is on the Banks of Newfoundland and, 
soundings in and above the fog-sheet with self-recording instruments 
carried by kites, which could be flown in either calm or windy weather 
from a steamer whose course could be controlled, would do much to 
explain its formation there. This investigation could most easily be 
undertaken with the aid of the U. S. Hydrographie Office with which 
the author made a proposition to cooperate, several years ago. 


R. De C. Ward. 
The Value of Non-Instrumental Weather Observations. 


It is a mistake to suppose that meteorological observations made with- 


out instruments are valueless. There is a very considerable number 
of such observations which can be undertaken by any intelligent person, 
even when traveling, and which will add greatly to the interest of the 
journey, as well as often contribute not a little to one’s knowledge of 
the climatic conditions of the region. The Journals of the Lewis and ~ 
Clark Expedition afford an excellent illustration of the value of non- 
instrumental weather observations made in a region previously climat- 
ically unknown. Anyone who reads these Journals carefully will in- 
evitably gain a remarkably clear idea of the essential climatic char- 
acteristics of those portions of the United States through which the 
Expedition passed on its famous journey. 


R. De C. Ward. 
The Meteorological Interest of the Voyage to Brazil. 


To the meteorologist, the voyage to and from Rio de Janeiro is of 
great interest. It gives a cross-section from the prevailing westerlies 
of the Northern Hemisphere, across the horse latitude belt, the north- 
east trades, the equatorial calms and rains, and the southeast trades, 
ending at about the southern margin of the latter. To anyone who 
knows these wind and calm belts only from the descriptions printed 
in books, such a voyage gives an insight into the actual conditions of 
wind and weather which no amount of reading can supply. The “ field 
work ” which can be done on such a trip by the student of meteorology 
is well worth the expense and the time which the two voyages neces- 
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sitate. The writer made the trip to Rio de Janeiro three times, and 
came back from Rio to New York twice, and each time found increased 
interest and inspiration in it. 


Cleveland Abbe. 
The Atmosphere as an Integral Part of the Earth.—Read by Title. 


Geology recognizes the fact that the earth, in passing from its orig- 
inal inchoate condition over into its present complex organization, has 
for ages been passing through a condition in which the rain and dusty 
winds of the atmosphere have been continually destroying and rearrang- 
ing the slow formation of the more solid portions of the earth’s surface. 
Little by little, wherever the solid ground appeared above the waters 
of the earth, there the rain and the wind and the waves of the ocean 
began to dissolve, break up, and wash away the exposed solid material. 
Thus the atmosphere has been the fundamental active cause of these 
perpetual changes on the face of the earth. The rate of these changes 
and their laws must depend entirely on the rate at which the atmosphere 
can assist the earth to lose its heat by radiation through the air and 
from the air. The solid and liquid parts of the earth can only lose 
directly by radiation through the atmosphere. In these steps, con- 
vection is but a temporary, slow process and eventually nearly all 
heat must be lost by radiation from the outer surfaces of the suc- 
cessive layers of gases of the atmosphere. The general cooling of the 
earth depends not so much on the radiation from the earth’s surface 
as on the special selective radiations of the layers of atmospheric gases 
and vapors. The study of these special selective powers of radiation 
by the respective atmospheric gases and vapors, is therefore the true 
basis of all knowledge or theory as to the past evolution of our globe. 
The history of geological ages and the evolution of life on the globe 
has to do with the cooling down from 100° C. to 20° C. and with the 
numerous attending changes of orography during this relatively short 
interval. The author gave numerous examples and theories. 


Robert M. Brown. 
A Discussion of the Humidity Factor in Ventilation. 


Sanitarians are almost unanimously agreed that in the ventilation 
of an ordinary room, under the common conditions of occupancy, the 
percentage of carbon dioxide and the expiratory breath play an almost 
negligible part. Sanitarians quite universally believe that the physical 
properties of the air must be regulated to insure the best health and, 
indirectly, the highest efficiency of the occupants. 

With this proposition as a basal statement, the author presented a 
study of the problems of the physical features of the air; temperature, 
humidity, air motion, and electrical potential. The result of an investi- 
gation of the conclusions reached by cotton manufacturers in England 
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and in this country, was offered. Following, the discussion turned to 
the results of the study of room ventilation, with special emphasis on 
the humidity factor. 

A large amount of experimentation is necessary. The knowledge 
so far gained is not so sure nor so definite as to justify the outlay 
for humidification plants, which are not prohibitive to-day because of 
expense, in our buildings. The need of further investigation along 
certain lines suggested is imperative. 


Ellsworth Huntington. 
The Big Trees of California as Recorders of Climatic Changes. 


During the spring and summer of 1910, the writer studied the 
physiography and archaeology of Arizona and neighboring regions, 
for the purpose of coming to some conclusions as to ancient climatic 
conditions. He found strong evidences of changes of climate similar 
to those of Asia. Inasmuch as there was danger of being influenced 
by preconceived opinions, it seemed necessary to discover some new 
method of measuring the climate of past times. Such a method was 
suggested by the work of Professor A. E. Douglass of the University 
of Arizona. By measuring the thickness of the annual rings of some 
of the older trees in Arizona, Professor Douglass constructed a curve 
which shows the minor climatic fluctuations. Larger fluctuations were 
marked by the differences between the rate of growth of the trees in 
youth, maturity, and old age. The present writer has adopted this 
method. As a part of his work for the Carnegie Institution in 1911, 
he measured the rings of some two hundred Big Trees (Sequoia 
gigantea) of California, varying from 250 to 3,150 years of age. By 
making corrections for the varying rate of growth at different periods 
from youth to old age, he has been able to construct a curve which 
shows the departure of the climate at any given time from the mean. 
A comparison of this curve with the curve for Asia shown in “ Pales- 
tine and Its Transformation ” confirms many of the author’s previous 
conclusions. 


Charles Julius Kullmer (Introduced by Ellsworth Huntington). 
Storm Frequency and Civilization. The Shift of the Storm 
Track. 


A striking agreement is shown between the distribution of higher 
civilization and areas of high frequency of barometric depressions, 
and the hypothesis is advanced that storm frequency may be a factor 
in determining man’s energy and intellectual activity. In order to 
ascertain whether the storm track is subject to a general shift, the 
maps of storm frequency in the United States were made for 1899-1908 
and compared with Dunwoody’s maps for 1878-87. A westward and 
southern shift of the storm track was shown. 
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Ellsworth Huntington. 
The Effect of Barometric Variations upon Mental Activity. 


In order to test the effect of changes of weather upon mental activity, 
curves have been plotted showing the variations in speed and accuracy 
of three persons as measured by daily tests on the typewriter for a 
year. These curves seem to show the existence of an intimate rela- 
tionship of some sort between the fluctuation of the barometer and 
changes in mental ability. 


Oliver L. Fassig. 
Hurricanes of the West Indies and Other Tropical Cyclones. 


The paper presented an analysis of the points of origin, the paths, 
the rate of movement, and the distribution through the season, of 135 
storms of hurricane force occurring in the West Indies, as recorded 
by the U. S. Weather Bureau from 1876 to 1910, and a comparative 
study of West Indian hurricanes, Bay of Bengal cyclones, and typhoons 
of the Pacific. 

There is a well marked path of greatest hurricane frequency through 
the northern half of the Caribbean Sea, extending almost due east-west 
from the Windward Islands to Jamaica; taking a northwest course 
through the Yucatan Channel, across the western end of Cuba, the 
path recurves in the eastern portion of the Gulf of Mexico, and crosses 
Florida Peninsula into the North Atlantic with a northeast trend. 

There is a secondary path not so well defined, extending from the 
northern group of the Windward Islands in a west-northwest direction 
across the Bahama Islands and recurving east of Florida in the North 
Atlantic Ocean. Between these two paths lie the Greater Antilles— 
Cuba, Jamaica, Haiti and Porto Rico. Of these Islands Porto Rico 
and Haiti are comparatively free from the devastating winds near the 
hurricane centers; the western half of Cuba is crossed in the recurve 
of a large percentage of the storms of the Caribbean Sea, or of the 
main path. These two paths coincide very closely with the two branches 
of the great equatorial current of the North Atlantic. 

The normal track for the entire season, as determined from 135 
storm paths, resembles a parabola. The first branch extends in a direc- 
tion west by north, between the parallels of 18° and 20° north latitude 
to the center of the hurricane area (20° N. and 73° W.), then north- 
westward and north; recurving over central Florida, the trend is north- 
eastward over the North Atlantic, along the second branch of the 
parabolic path. 

The path pursued depends to a great extent upon the point of origin. 
Those originating far to the east, as in August and September, are 
most likely to move west-northwest for a considerable distance along 
the first branch before recurving. Those having their origin in the 
western waters of the Caribbean Sea, like most of the storms early 
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in the season and those of October, move northwest or north along the 
recurve of the normal track, or they may, in the higher latitudes, have 
their origin in the second branch of the normal track. A hurricane 
may have its origin in any portion of the normal track, but for the 
balance of its existence it will follow approximately the normal path 
for the month in which it occurred. Of 134 storms: 63 per cent were 
formed in the first branch of the normal track, 17 per cent in the 
recurve, and 20 per cent in the second branch. 
Hurricane frequency in 35 years: 


May. June. July. Aug. a. Oct. Nov. Season. 
Frequency 1 8 5 33 4 2 134 
Percentage 6 4 25 32 31 1 100 


Tropical storms move more slowly than those of the middle latitudes. 
The mean daily movement is about 300 miles, or 12.5 miles per hour. 


In first branch. In recurve. In second branch. 
Mean velocity of Ist 2nd 3rd 4th 5th day Mean of 3 days Ist 2nd day 
36 296 254 219 266 276 260 384 400 


The average duration of a hurricane in the first branch is from 3 
to 4 days, according to the month of occurrence, and in the recurve 
about 2 days. 

Duration or Hurricanes. 


Duration of storm, in days 
Number of storms in the “airet branch 
Number of storms in the recurve 


AREAS WITHIN WHICH TropIcaL CycLoNEs ORIGINATE. 
tit ngitn Tequency 
Hurricanes Indies) 12°-28°N. 55°- 95°W. 4 
Cyclones (Bay of Bengal) 8°-22°N. 100° 80°E. 9 
Typhoons (North Pacific) 5°-20°N. 150°-115°E. 20 


Conditions favoring the formation of cyclonic systems in the tropics 
are produced by the changes in the position and intensity of the so- 
called permanent areas of high and low atmospheric pressure accom- 
panying seasonal changes and variations in the intensity of solar 
radiation. These cyclonic systems, once formed, are carried along in 
the general drift of the atmosphere—from east to west below latitude 
of about 30° N., and from west to east in higher latitudes. 


Collier Cobb. 
Changes of Level Along the North Carolina Coast. 


The larger estuaries like Albemarle and Currituck Sounds, Pamlico 
River, and Neuse River below the point where it is joined by the Trent, 
all present the appearance of drowned valleys. This, however, is prob- 
ably caused in some measure by a rise of the water-level consequent 
upon the closing of a number of inlets north of Ocracoke Inlet, par- 
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ticularly along Currituck Sound and in the neighborhood of Nag’s 
Head, where a remnant of a former outlet remains in the Fresh Ponds. 
In fact, Albemarle Sound was called Carolina River and the Great 
River, by early explorers, and is so mentioned in the Colonial Records. 
The borders of Albemarle and Currituck Sounds have been somewhat 
extended by the cutting action of the waves, and through this action, 
trees have been gradually let down within a decade. “Sea Cliffs” 
presenting the appearance of recent uplift are invariably opposite 
inlets that have been closed since the settlement of the country by the 
English, and a number of them within the last century. 

F. V. Emerson. 

Some Geographic Responses in Central Kansas. 

The rainfall of the area described verges on the sub-humid type. 
The influences of this climate upon soils, crops, and human activities 
was discussed. 

G. C. Curtis (Introduced by A. P. Brigham). 
Observations on South Newfoundland Fiords. 


G. C. Curtis. 
Earth Sculpture. 


ASSOCIATION OF AMERICAN GEOGRAPHERS. 


ConsTITUTION aND By-Laws 


I. Name and Object. 

The name of this organization shall be the Association of American 
Geographers. Its object shall be the cultivation of the scientific study 
of geography in all its branches, especially by promoting acquaintance, 
intercourse and discussion among its members, by encouraging and 
aiding geographical exploration and research, by assisting the publica- 
tion of geographical essays, by developing better conditions for the 
study of geography in schools, colleges and universities, and by co- 
operating with other societies in the development of an intelligent 
interest in geography among the people of North America. 


II. Officers. 

The officers of the Association shall be a President, two Vice-Presi- 
dents, a Secretary, a Treasurer (one person may be both Secretary 
and Treasurer), and three Councillors. These officers shall constitute 
a Council which shall manage the affairs of the Association. Nomina- 
tions of officers, made by a committee of three members previously 
appointed for that purpose, must be sent to members not less than 
sixty days before the annual meeting of the Association. Any five 
members may make independent nominations which if received by the 
Secretary thirty-five days before the annual meeting, must be sent 
to all members not less than thirty days before the meeting. 
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The election of officers must be made by ballot at the annual meet- 
ing. Each member may make such changes as he wishes in the ballot 
received from the Secretary. He should then enclose the ballot in a 
sealed envelope, sign his name on the outside, and send or give it to 
the Secretary in time for it to be counted at the annual meeting. 


III. Membership. 

Membership shall be limited to persons who have done original work 
in some branch of geography. A nomination for membership must 
be made on an official blank, prepared by the Council, signed by two 
members of the Association, and sent to the Secretary. The Council 
shall consider all nominations; if its action is favorable, the nominee 
will be recommended to the Association for election; if unfavorable, 
the nomination will not be brought before the Association, except on 
the written request of both signers of the nomination and with a state- 
ment of the Council’s action. All elections to membership must be by 
ballot, at such times as the Council may determine. Members’shall pay 
an annual fee of $5.00; but the Council may remit this fee swb-silencio. 
The names of members two years in arrears shall be stricken from the 
list of the Association. 


IV. Meetings. 
The annual meeting of the Association shall be held within a week 


of January 1, but the Council may arrange other meetings in place 
of, or in addition to this annual meeting. Announcement of the time 
and place of all meetings must be mailed to members at least thirty 
days in advance. 


V. Changes in Constitution or By-Laws may be made in two ways: 

First, at any regular meeting by an affirmative vote of a majority 
of all the members of the Association, provided that printed notice of 
the proposed changes be mailed to all members with the call of the 
meeting, and voting shall be by ballot mailed or handed to the Secre- 
tary; second, by ballot at any time, provided that thirty days’ notice 
has been sent to all members and that the proposed amendment has 
been presented to the Association at a regular meeting. 


By-Laws. 


1. The Association shall maintain a publication. 

2. Members shall be free to publish, in any way they desire, essays 
that have been submitted to the Association. 

3. Reports of meetings of the Association, prepared under super- 
vision of the Secretary, shall be sent for publication to such 
journals as the Council may direct. 

4. The annual meeting shall ordinarily be in connection with the 

American Association for the Advancement of Science. 
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ExpianaTIon oF Prats I 
Map of Alaska showing distribution of glaciers studied by the 


author in several expeditions to Alaska. 
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RENDU GLACIER 
GRAND PACIFIC GLACIER 
YAKUTAT GLACIER 
HIDDEN GLACIER 
NUNATAK GLACIER 
HUBBARD GLACIER 
LUCIA GLACIER 
MARVINE GLACIER 
SEWARD GLACIER 
GUYOT GLACIER 

MILES, GLACIER 

CHILDS GLACIER 
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ExpiaNnation oF II 


a Spencer Glacier with its alluvial fan of outwash gravels in the 
foreground, and the barren zone at b. Photographed during the dyna- 
miting of the glacier ice. Photograph by A. W. Swanrrz. 


Lb The terminal moraine of Spencer Glacier and the railway on the 
moraine and alluvial fan. 
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ExprLanation or Prare III 


a The two dikes (d-d), the Alaska Northern Railway (r-r), and 
the alluvial fan of outwash gravels. Photograph by A. W. Swanrrz. 


b Wreckage of twenty-one hundred foot dike after the glacial 
stream had broken through it. 
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ExpLaNation oF Piate IV 


a Dry bridge where gravels had been deposited to a depth of four- 
teen feet. Photographed in 1911. 


b Curves in originally straight track, due to glacial stream aggra- 
dation. The man in the foreground is Colonel A. W. Swanitz, the 
railway engineer who accomplished the stream diversion in 1911. 
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Expianarion or Piare V 


a Curves in originally straight track at a culvert where a team of 
horses could be driven beneath the track before the glacial streams 
deposited their gravels on the alluvial tan. 


b Bridge half abandoned by glacial stream in 1911 before the 
diversion. 
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ExpLanation oF Piate VI 


a Stream emerging from beneath Spencer Glacier in June, 1911, 
before the diversion. 


b Stream plunging into box canyon before the diversion. 
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ExeLaNation oF Pratre VII 


Rock dam in the box canyon produced by a single blast of dynamite 
in connection with diverting the glacial stream. Photograph by A. W. 
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oF Pratre VIII 


a The stream disappearing beneath the glacier where the red dye 
was put in. 


b) Subglacial stream boiling up in the fosse. 
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ExpLaNation OF Pratre IX 


a Shovelling out the ice fragments after a blast of four boxes of 
dynamite in the ice channel. 
} Exeavating the ice channel. Ice 


blocks floating away in water 


from the melting glacier. 
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ExpLaNatTioN OF Pirate X 


a ‘The marginal channel (m); site of lower dam (n); the ice 
channel (0); the fosse (p-p) ; the bridge by which the diverted stream 
was crossed by the railway (q). 


b The fosse, before the stream diversion. 
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Expianation oF Pratre XI 


Aperture by which the diverted stream disappeared beneath Spencer 
Glacier. Photograph by A. W. Swanrrz. 
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Expianation oF Prare XII 


Subglacial river where the diverted glacial stream cut down through 
the artificial ice channel to the natural tunnel below. Photograph by 
A. W. Swanrrz. 
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Exp LaNation oF Pirate XIII 


a Lowland forest along lower part of La Laja Creek. Stream 
choked with aquatic vegetation. 


b Lowland forest clearing at Cuatotolapam. 
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ExpLaNation OF Pirate XIV 


Upper part of La Laja Creek. Stream entirely covered over by 
dense vegetation. 
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ExrLaNation oF Prare XV 


a General view of a stretch of savannah grassland at Cutotolapam. 


b A group of trees on the savannah, showing the “ umbrella ” form 
acquired in this habitat. 
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ExpLANATION oF Pratre XVI 


Lowland forest clearing planted to cane. 
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Pratre XVII 


Mean scale (= scale of projected globe) 1:150,000,000. 
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